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A. INTRODUCTION

It has become increasingly evident that the increase in popula-
tion, the demand for land and the movement of people from the cities to
the surrounding areas has resulted in extensive pollution of both surface
and groundwater resources. Public and private water supplies have also
been polluted by impreper environmental management of ligquid and solid
wastes.

The sources of pollution involve overflowing individual sewage
disposal systems, either directly to streams or to groundwater aquifers,
overloaded and malfunctioning municipal and industrial waste treatment
plants, municipal and private solid waste dumps, sludges from municipal
and industrial treatment plants and from individual septic tanks, runoff
from paved areas and agricultural sites, and improper land use.

Water pollution occurs in part due to mismanagement through a
lack of foresight and expertise at the design level, lack of enforce-
ment of existing laws, disregard for the environment, lack of available
technology, lack of money due to priorities, lack of cooperation between
public agencies, and employment of unqualified personnel.

The Merrimack River Basin has a number of small feeder streams
and five main river systems the Nashua, the Concord, the Assabet, the
Sudbury, and the Merrimack. The Concord and Merrimack are water supply
sources even though they are heavily polluted with sanitary and indus-
trial wastes. Many of the small streams are sources of surface water
supplies as well as indirect sources of groundwater supplies.

Therefore, there exists in the Merrimack Basin possible health
hazards, either through consumption of contaminated waters due to fail-
ing or inadequate treatment plants, or by direct contact with these
waters in water contact sports.

This report deals with the existing conditions in the Merrimack
River Basin, the public health problems associated with these conditions
and the impact of implementing each of the five wastewater management
alternatives in terms of public health.

The addendum includes a2 literature review of the public health
hazards associated with wastewater and the effectiveness of reducing
these hazards by the various wastewater treatment processes. Those
who are unfamiliar with this field will find it helpful to review
addenda I and 11 before reading the main report.



B. PURPOSE AND SCOPE QF STUDY

The purpose of this study is to determine where public health
hazards exist in the Merrimack Basin, their causes, what can be done

to reduce these hazards, and how the alternative plans will accomplish
this reduction.

Because of this concern and after interviews with Federal, State
and local officials, a contract was signed with the United States Envi-
ronmental Protection Agency in July 1973. This contract included an

analysis of 164 water quality stations located throughout this basin,
extending west to Ashburnham, north to the New Hampshire border, east

to Salisbury and south to Worcester, Shrewsbury, and Westboro. The
completion of this nine-month study showed the conditions of the envi-
ronment upstream from the four main rivers as well as general conditioms
in the four main rivers. The streams sampled were grouped as follows:
baseline or natural streams, recreational, water supply, and other
feeder streams not used for either recreation or as a water supply.

Analysis data on 12 small feeder streams from uninhabited areas
were collected to obtain a baseline data of natural water quality. All
these streams are located in the western and northwestern area of the
basin. The population density and activities of the area were the
criteria for defining these streams and excluding the water quality
sampling data from streams in other areas.

This study also included water quality sampling surrounding both
sanitary landfills, and at the effluents of existing sewage treatment
plants to determine their reliability.

Throughout the Merrimack Basin, the studies reveal that present
policies and practices of wastewater management must change if recrea-
tional water contact sports are to exist and water supplies for the
people of the Merrimack Basin are to remain pure. Unless the watersheds
of domestic water supplies are protected from poorly planmned and mis-
managed urban development, it is our opinion that a major enteric
disease outbreak may occur in one or more districts by 1990. An enteric
disease outbreak involving 11,000 people recently occurred in California. (9)
In addition, two enteric disease outbreaks have occurred in Vermont, and
most recently another outbreak occurred in Meredith, New Hampshire.

This documentation indicates the necessity of improved environmental
wastewater management control. We must also consider the potential

health hazard associated with the rapid movement of people from one
country to another, and possible outbreaks of other diseases not generally
occurring in the United States or New England.
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C. FEDERAL AND STATE POLLUTION CONTROL LAWS

An effective wastewater management plan cannot be implemented
unless current pollution control laws are strictly enforced.

1. Federal laws

In 1972, Congress passed Public Law 92-500; amendments to the
Federal Water Pollution Control Act. The objective of the Act is to
restore and maintain the chemical, physical, and biological integrity
of the Nation's waters.

Title IV, section 402 of the Act establishes the National Polu-
tant Discharge Elimination System Permit Program. The program requires
anyone responsible for a discharge to any water of the United States
to obtain a permit from the Environmental Protection Agency. All
industrial discharges must install best practicable control technology
by 1977 and best available control technology economically achievable
by 1983. Municipal treatment plants must have secondary treatment by
1977 and best practicable control technology by 1983. This will insure
that all waters will meet water quality standards by 1977 and fishable,
swimmable status by 1983. The 1985 goal is to achieve zero discharge
of pollutants.

Title I of the Act declares goals and policies, provides for
research training and demonstration grants, and calls for the Administra-
tion of EPA to encourage interstate cooperation and uniform State laws.
In addition, it provides grants to state and interstate agencies to
strengthen their existing programs or to create new ones.

Title I1 of the Act provides for Federal grants for the con-
struction of publicly owned treatment plants, areawide waste treatment
management, and basin planning. It further provides that alternative
waste management techniques be considered and evaluated.

2. Massachusetts State Laws

One of Massachusetts basic public health laws dealing with dis-
posal of sewage is Chapter III, Sections 5 and 17 of the General Laws.
These sections have been in effect for nearly 100 years.

Section 5 had its beginning in 1869 when the first State Board
of Health was established. About 1901, laws for the further control of
disease, especially typhoid fever, were passed by the Massachusetts
Legislature. Also, about this time, the Board was granted power to
examine all sewers in towns and cities and evaluate the effects of
sewage disposal.

Section 17 was enacted in 1886. This section gave the State
Board of Health the power to protect inland waters. In 1888, the State
Board was given the authority to recommend the proper disposal of
sewage and prevention of pollution and removal of pollutants.



In 1914, the Legislature established the Massachusetts Depart-
ment of Public Health, headed by a Commissioner.

About 1917, Massachusetts passed an act under Chapter 190
whereby the Department of Public Health was given responsibility for
water supplies and inspecting sewage outlets and to report their findings
to the General Court.

In 1937, -an act was passed requiring State approval of all
systems for water supply, sewage disposal and stormwater drainage. The
act required plans to be submitted to the Department of Public Health
for its advice and approval and stated that no system could be installed
without State approval,

In 1956, Chapter 139 was enacted which eliminated the public
hearing requirement prior to approval of sewage disposal facilities.

In 1962, the Massachusetts Department of Public Health, acting
under Chapter III, Section 5 and Section 127-A, adopted what is known
as the State Sanitary Code, Article XI, '"Minimum Requirements for the
Disposal of Sanitary Sewage in Unsewered Areas "

Article XI is an attempt to bring about a uniform basic engi-
neering approach to the individual domestic waste disposal problem by
setting minimum standards and guidelines to be followed by all cities
and towns.

In substance, Article XI includes the following:

(1? Definitions. A total of 45 sanitary engineering terms in-
volved in an individual land disposal system are defined.

' (2) Permits. Permits are required for the construction, installa-
tion and use of individual sewage disposal facilities. A sewer permit
is required before a building permit can be issued. In towns that do
not require a building permit this provision does not apply.

(3) Sewage Flow Estimates. Guidelines for estimated water uée. in
gallons per person per day, are listed for individual homes, nursiné
homes, office buildings, schools, motels, parks, country clubs, churches,
recreational camps, drive-in theaters, hospitals, factories, restaurants,
laundromats, dry goods stores and an array of other establishments.

(4) Location. Minimum distance requirements from streams, wells,
property lines, foundations, water lines, edge of slopes, etc., to reduce
or prevent pollution are given.

(5) Building Sewers. A minimum pipe size of 4 inches is established.

Materials, grades, alignment, etc., are covered, based on sanitary engi-
neering principles.
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(6) Septic Tanks. Size limitations are set; minimum 750 gallons,
maximum 20,000 gallons. Any tank greater than 20,000 gallons must Lave
special approval from the Department of Public Health. Construction
and design details are also specified.

7) Dosing Tanks. To insure equal distribution of the sewage
effluent to the final land disposal area, specifications for the hy-
draulic design of the system are set down.

(8) Disposal Fields. Specifications were provided for minimum
distances to the groundwater, kind of stone to be used, size of the
area, filled area, backfilling, disposal field construction, and location.

(9) Percolation Tests. Methods for conducting percolation tests
are outlined in detail.

Currently, Chapter III, Section 17 of the General Laws requires
that the Massachusetts Department of Public Fealth approve all plans
for individual sewage disposal systems for motels, overnight camps,
trailer parks, recreational camps, nursing homes, rest homes, police
stations, schools, publicly owned buildings and all systems which treat
over 2,000 gallons per day of sewage.

This chapter also grants authority to the Department of Public
Health to require a city, town or water company to make improvements
to any existing treatment work, if, in its judgement such work is
necessary for the protection of the public health. A public meeting
concerning the improvements is required.

In 1973, the Massachusetts Clean Waters Act, Section 26 of
Chapter 21 of the Massachusetts General Laws, was amended. These
amendments are similar to the 1972 amendments of the Federal Water
Pollution Control Act and outline cooperation with Federal, interstate
and other state agencies in securing the benefits of Public Law 92-500.
A permit program for all discharges into waters of the Commonwealth is
also authorized by these amendments.

Massachusetts stream classifications and water quality standards
for the Merrimack River Basin can be found in the addendum.



D. BASIS FOR PUBLILC HEALTH EVALUATION OF WASTEWATER MANAGEMENT

The public health evaluation of wastewater management must
consider a number of items. Among the areas to be considered are:
public water supply, recreation, vector control, solid waste management.
radiological health, and air pollution.

Provision of adequate quantities of safe water for drinking
and other human uses is important to the public health both because
contaminated water can produce disease, and because the ready avail-
ability of safe water can stimulate better personal hygiene, thereby
resulting in improved health. The protection and safety of a public

water supply system depends on the sanitary environment, quality and
- quantity of water sources, the effectiveness and reliability of treat-
ment processes, the integrity and capacity of storage and distribution
systems, quality control surveillance, and the qualifications and
effectiveness of the operating personnel.

Public health evaluation of recreation areas must consider the
drainage, soil permeability, groundwater location, and possible effects
of swamps, streams, and lakes on health and safety. Proper collection,
treatment and disposal of sewage wastes to prevent pollution hazards
that may cause disease or illness must be considered. The water quality
must be determined to establish the type of recreation allowed. In
addition, the effect of insect and rodent control must be considered to
protect the health of people using the recreation facility.

The prevention and control of vector problems requires that
special emphasis be placed upon the prevention of physical conditions
which may result in increased vector populations and upon the establish-

ment of physical conditions which will minimize or eliminate existing
vector problems.

Solid waste management and its potential effects should be
considered in water resources development projects, particularly where
water quality and recreation are important. Food supply for insects
and animals which are disease vectors, surface and groundwater pollution,
accident and fire hazards, and esthetic insult often result from im-
proper storage of solid waste.

With regard to radiological health aspects of water resources,
the problem areas; sources, mechanisms of exposure and surveillance
should be considered. The sources of radioactive water contamination
are numerous and include hospitals, industrial laboratories, nuclear
reactors, fuel fabrication and reprocessing plants. Exposure is possible
through contamination of water supply or recreation areas; and through
food products. A surveillance and control program proposed for facili- -
ties releasing radioactive wastes to surrounding waters depends upon
the facility type and the levels of activity discharged.
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The popular concept that air pollution and its effects were
restricted to the heavy industrialized urban areas of the country has
been exploded, and today it is recognized that air pollution is of con-
cern in suburban and rural areas as well. Analyses of numerous epidem-
iological studies indicate an association between high levels of air
pollution, as measured by particular matter and sulfur dioxide, and the
occurrence of health effects. In view of significant effects which
air pollution control can have on water pollution and other environmental
factors and the significant effects which water resources development
can have on industrial development and other factors which may increase
air pollution problems, it is imperative that air pollution aspects be
considered in water resources plaunning.

Diseases of importance in a wastewater management program are
listed below. The information was compiled from the "'Annual Supplement
of Morbidity and Mortality" published by the U.S. Public Health Service
National Center for Disease Control. (34)

TABLE 1
TOTAL CASES IN MASSACHUSETTS

1965 1966 1967 1968 1969 1970 1971 1972 1973

Amebiasis 5 5 0 0 4 3 1 3 4
Infectious Hepatitis 721* 557 716 974 2157 2033 1431 1593 1299
Salmonellosis 908 1033 979 1001 1423 1005 1035 814 802
Shigellosis 48 587 373 338 325 508 367 381 453
Typhoid Fever 3 9 7 8 10 11 13 13 19

* Total of infectious and serum hepatitis

TABLE 2
TOTAL CASES IN THE UNITED STATES

1965 1966 1967 1968 1969 1970 1971 1972 1973

Amebiasis 2768 2921 3157 3005 2915 2888 2752 2199 2235
Infectious Hepatitis33856%32859 38909 45893 48416 56797 59606 54074 50749
Salmonellosis 17161 16841 18120 16514 18419 22096 21928 22151 23818
Shigellosis 11027 11888 13474 12180 11946 13845 16143 20207 22642
Typhoid Fever 454 378 396 395 364 346 407 398 680

*¥ Total of infectious and serum hepatitis



E. EVALUATION OF MUNICIPAL WASTE TREATMENT SYSTEMS

1. Sewage Treatment Plants

The planning, design and construction of a sewage treatment
facility does not necessarily mean that the pollution problems existing
in the river or stream will be eliminated. The facility must operate
at maximum efficiency at all times, to insure maximum removal of pol-
lutants and minimal levels of polluting material from entering the
streams. The design of the plant should be such that the effluent will
not violate established water quality standards and that at least
secondary treatment is being installed.

To determine the effluent quality of various sewage treatment
plants in the Merrimack Basin samples were collected at eleven sewage
treatment plant outfalls. Two treatment plants discharging to land
disposal sites were also sampled. The data is shown on Tables 4 and 5.

All the facilities consist of secondary treatment plants with
the exception of the Newburyport plant, which consists of primary
treatment followed by effluent chlorinmation. The Marlboro East Sewage
Treatment Plant consisting of a trickling filter was replaced with a
new 2 stage activated sludge plant; the March through May analyses
showed marked improvements in water quality and corresponds to the
operation of the new facilities. Clinton Sewage Treatment Plant does
not have effluent chlorination and as a result high bacterial counts
can be found in the effluent. Shrewsbury and Westborough have exces-
sive pinfiltration in their collection systems and hence hydraulic over-
loading reduces the efficiency at the treatment plants. The December
analysis of the Newburyport Sewage Treatment Plant effluent showed an
effluent containing high metal concentrations being discharged into the
Merrimack River Estuary.

EPA has promulgated effluent standards for municipal treatment
plants, which include effluent limitations for fecal coliform of 200
colonies per 100 ml on a monthly average and 400 colonies per 100 ml on a
weekly average. With the exception of Newburyport and the new Marlboro
East plant, all the treatment plants analyzed are not meeting this
standard. Inadequate or nonexistent chlorination facilities or poorly
operated facilities are the primary causes. Upgrading of these existing
plants and better plant designs for new facilities should be forthcoming
as a result of the municipal permit program and the established effluent
standards. The Marlboro east plant is a example of what can be expected
from a well designed and operated treatment plant. However, it is not
without its problems, such as power failures. Additional facilities,
beyond secondary treatment, may be necessary in water quality limited
areas to meet stream standards.

The two plants listed in Table 5 treat their wastewater and then

discharge to a leaching lagoon. These disposal sites consist primarily
of forested land. Mt. Pleasant Country Club treatment facility does

10



Table 4
Merrimack River Basin
Water Quality Aralysis of
Wastewater Treatrent Plants

recal Coliform

Total Coliform Chlorides

Station Treatment Plant Aug Sept Nov tar Apr May Aug Sept Nov Mar Apr

1 Cushing Academy STP 2,000 39,000 5,500 310 45,000 2,000,000 27 16 1 38 33
Ashburnham 2,000 420,000 5,500 15,400 420,000 3,100,000

1a2a Clinton MDC STP 430,000 160,000 - 72
460,000 570,000
13C Concord STP 370 26,000 10
95,000 10

15 *Marlboro STP East 3,100,000 3,400 0 0 200 210 50 10 85
3,100,000 23,000 0 10 780

35 Marlboro STP West 0 0 3,800 40 60 29
~- 0 2 83,000

32a Dracut STP 2,300 2,400 700 1,800 760 15 11 18
38,000 34,000 9,900 8,800 8,200

46 **Newburyport STP 0 0 10 0 0 0 84 130 360 115 96
0 10 300 0 2 0

62 Shrewsbury STP 170 10,000 990 15,000 150,000 30 50 43 50

63 Westboro STP 53 0 10,000 4,700 200,000 380 75 70 65 64 70
12,000 30 100,000 510,000 43,000

40a Concord Reformatory STP 1,600 890 30 37

9,000 121,000
58 Shirley STP 600 1,300 0 28,000 3 21 22 37
600 22,000 1,900 400,000
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Table 4 (Cont.)

Nitrates Phosphates Specific Conductance
Treatment Plant Aug Sept Nov Mar Apr May Aug Sept Nov Mar Apr May Aug Sept Nov Mar Apr May
Cushing Academy STP 2 10 4 4 2 3 .62 .16 .02 .12 .22 189 220 190 185 168 169
Ashburnham
Clinton MDC STP 6 420
Concord - STP
*Marlboro STP East -1 1 5 10 7.5 0.7 3.28 2.08 474 564 367 463
Marlboro STP West 1 30 3 .57 290 405 218
Dracut STP 1 1 3 .35 .08 0.19 70 72 252
**lewburyport STP 5 1 <1 7 10 7.8 6.85 5.6 2.76  3.56 72 1007 1995 720 610
Shrewsbury STP 11 8 6 4 1.07 8.8 3.40 2.76 220 560 346 342
Westboro STP 1 45 3 30 32 05 9.53 22 4.32  3.88 426
Concord Reformatory STP 3 3 6.3 6.96 230 434
Shirley STP 2 2 1 2 35.4 3.8 .44 1.23 425 218 246 327

*Marlboro East STP was upgy

**Newburyport STP - Decembd

aded to tertiary treatment , March effluent

reflects new plant in operation.

r analysis showed the following metal conceT;ntrations:

Chramium - 4.2 rg/1
0.75 mg/1
0.49 mg/1

Cadmium -
Nickel -




Table 5
Merrimack River Basin
Water Quality Analysis of
Wastewater Treatment Plants
With Discharges to Land Disposal

Fecal Coliform

€T

Total Coliform Chlorides Nitrates
Station | Treatment Plant Aug Sept Nov Apr May Aug Sept Nov Mar May Aug Sept Nov Apr May
50 Anna Maria College STP 0 0 45 52 70 70
59 Mt Pleasant CC. STP 200 3500 300 50 29 15 55 28 34
8600 6300




have chlorination facilities but it is not in operation as can be seen
from the bacteriological analysis. Anna Marie College treatment plant
consists of subsurface sand filters, polishing filter and effluent
chlorination.

2. Sludge Disposal

The disposal of waste treatment plant sludges in some areas is
a major problem, especially where sludge is not incinerated. Sludge
drying beds have created odors, objectionable to nearby homes.

The location of municipal plants are most often at the lowest
practical geographical site in the community so that the collection
system can be gravity feed. These low areas may consist of wetland
areas. The low basic cost of acquiring this land (cost per acre) is
attractive, but this type of land is not suitable for sludge disposal.

An investigation of the Shrewsbury treatment plant found that
the sludge from this plant has been dumped in an adjacent swamp. Sub-
sequent pollution of a nearby river resulted. Threats of court action
from two towns whose areas included part of thses wetlands stopped
further sludge dumping into the swamp. The sludge is now transported
several miles to a sanitary landfill.

In older plants sludge drying beds were located adjacent to
rivers or streams and were subjected to flooding and erosion. Any new
plants are required to carefully consider the areas designated for
sludge disposal to insure minimal environmental damage.

3. Collection Systems

The development of sewerage systems in the United States gener-
ally followed European practices; the main objective was to collect,
transport and dispose of stormwater. The disposal of domestic, com-
mercial and industrial wastes was the responsibility of the individual
and discharge of such wastes into the storm sewers was prohibited.

When authorities lifted the ban, it was only natural that the
large capacity storm sewers would be used to transport sanitary waste
as well.

In the past, the significance of combined sewers, occasionally
discharging directly into streams and lakes, was not recognized or con-
sidered to be of major importance. The excess flow from storm water,
which overflowed directly into the receiving stream, was considered
acceptable since the storm water would tend to dilute the sanitary waste
and reduce the pollution load.

In a report by the United States Public Health Service in 1964,

the following generalizations were made as to the characteristics of
combined sewer flows:

14
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a. The annual average combin
approximately five percent of the to
nations waters;

a Sewer UVeLLJ.UW VUJ.ulllC LCPLCDC[[LD

e
tal pollution discharged into the

b. The average overflow fr ac
three to five percent,raw sanitary waste; and

The dilution hypothesis failed to consider that setteable solids
would settle out of the sanitary waste. When a storm occurred, these
solids were resuspended. This observation resulted in a "first flush"
hypothesis, where during the initial period of the storm the contaminated
flow would be directed to a treatment plant and after a spec1fled length
of time the remaining flow would be discharged to the receiving water

with little damage to the water quality. Figures 1 and 2 show that the
only parameter which follows the first flush theory was phenols; all
others show no decrease relative to elapsed time.

he Federal Water Quality Administration sponsored two studies,
one was conducted by Burn, Krawczyk & Harlow, on the chemical and physi-
cal characteristics of combined and separate stormwater overflow for
the Detroit—Ann Arbor Area. (4) Annual average values and the maximum
value observed were given as follows:

Maximum Value

Analysis Annual Mean Observed
BOD, mg/l 153 685
Sus. Selids, mg/l 274 804
Vol. S.S., mg/l 117 452
Sett. Solids, mg/l 238 656
Vol. Sett., Solids mg/1 97 376
NH3-N, mg/l 12.6 134
Organic N, mg/l 3.7 38.4
NO3-N, mg/1 0.5 2.8
Total PQ;, mg/l 14.6 43.2
Soluble PO,, mg/l1 7.7 21.2
Phenols, mg/1 312 8000

15
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Based on Figure 2, several conclusions were made as follows:

1. Total coliform densities may approach those found in raw
wastewater;

2. The total and fecal coliform densities increased with the
warm months, but fecal streptococcus counts remained relatively con-
stant; and

3. 1Initial counts are about the same or slightly higher than
the later counts, indicating that first flush effects were negligible.

From these reports, it is apparent that overflows from combined
sewers can have high levels of pollution equivalent to that of raw
sanitary waste. The effect of these overflows on the receiving stream
were studied by Burn also, and his conclusions are as follows:

1. The effects of the discharges from combined sewers are felt
for several days following the storm;

2. Coliform densities exceed 100,000/100 ml in a large amount
of the receiving water after a moderate rain, and the counts may exceed
1,000,000/100 ml if the storm is unusually severe; and

3. Effects of the storm are negligible above the overflow dis-
charges.

The quantity of combined sewer runoff is a figure which is
recognized as being less than the total rainfall. This deficiency is
attributed to the result of rainwater being retained on vegetation, in-
filtrating into the soil, wetting previous surfaces, being stored in
depressions, and providing a film of water to allow flow. All of these
factors contribute to a 'coefficient of runoff," which for densely popu-
lated and build up areas of a city is estimated at 0.7-0.9 whereas in
wooded areas may be as low as .4, the coefficient is then multiplied by
the rainfall intensity to obtain the amount of runoff.

The runoff from separate storm sewers add additional loads to the
receiving waters. Chlorides from winter salting practices, suspended
matter, grit and oil and grease can all be collected by flowing storm—
water and discharged into the receiving water. The runoff from storm
drainage systems has resulted in chloride concentrations as high as
14,000 mg/1l in one water supply feeder stream in Framiningham. Such
densities can lead to reservoir stratification at depths shallower than
normal. Such stratification may cause serious water quality troubles
as well as alter the biological equilibrium because of the tolerance
limits of some organisms to saline concentrations.

An interesting relationship was noted by graphically plotting
the number of reported cases of infectious hepatitis, bacillary dy-
sentery, salmonellosis and typhoid fever against rainfall for the years
1944-1974. Figures 3 through 6. The case data was obtained from the
Massachusetts Department of Public Health Records. From the graphs
there appears to be a correlation between increase rainfall and the
number of reported cases of infectious hepatitis, bacillary dysentery
and typhoid fever. The increase in reported cases of Salmonellosis does
not follow the increase in annual rainfall,
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Increased rainfall causes increased runoff, and increased
pollutional load transportation from upstream source to downstream users.
Increased transportation and velocity increases turbidity.

Increased annual rainfall raises the groundwater table and in
turn increases the capillary fringe elevation of water from the phreatic
surface to several feet depending on the type of soil over-lying the
water table.

Individual land disposal systems located within the capillary
fringe of the groundwater table are subject to overflow. When the in-
flow exceeds the percolation rate, the disposal system may overflow to
the surface; into groundwater or streams; or backup into the house
plumbing.

In some cases, increases in percolation rate due to rainfall
also increases the travel distance and decreases the time of sewage
effluent movement through the individual leaching area. Where individual
wells are not protected by sufficient distances from pollution sources

and are not sealed properly at the bedrock-soil interface, contamination
may occur.

Another problem in sanitary sewers is infiltration. Broken pipes,
poorly sealed pipes, pipes layed in the groundwater table, and poorly in-
stalled fittings at manholes all increase infiltration rates and cause
hydraulic overloading at the treatment plant. Where excessive infilt-
ration exists, the wet weather flow can exceed the design capacity of
the plant by as much as 300 percent. Leakage of sewage into a water
supply aquifer from a broken or poorly sealed pipe can cause contamination
of this supply. Polluting materials discharged into or at the ground-
water level do not degrade or are not adsorbed on the soil particles
as is the case in a well-~designed septic tank - leach field system. In
addition, most groundwater supplies are not chlorinated and not monitored
regularly hence contamination is not identified until illness results.

Thus, the problem of infiltration is two-fold; first it increases
the flow to the treatment plant resulting in bypassing or poor treatment
of the waste and secondly, sanitary sewage can seep out of pipe (exfiltra-
tion) idinto a water supply aquifer. Both cases could result in a
potential health hazard.

In addition, throughout most sewer collection systems, there are
lift stations. These pump stations are usually located adjacent to a
water course. 01d systems were designed such that overloading, power
failures and/or mechanical failures resulted in bypassing the waste
directly into the adjacent water course. The overloading can be due to
high infiltration into the system or additional connections allowed in
the system without additional pumping capacity installed. New facilities
are required to install high water alarms and duplicate equipment. No
bypasses are allowed in the design of the system. As failing 1lift
stations are recognized immediate action should be taken to implement
the new requirements on the old system to insure elimination of sub-
sequent failures.
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F. DISPOSAL OF SANITARY WASTES IN UNSEWERED AREAS

1. Individual Household Waste Systems

One of the potential sources of stream pollution and causes of
waterborne disease is the failure and subsequent overflow of household
on-lot land disposal systems. Instances of disease outbreak, such as
occurred in Alaska; Keene, N.H.; and more recently in Vermont, have been
traced to faulty individual land disposal systems, which contaminated
the public water system. (9)

Thirty-nine cities and towns in the Merrimack River Basin were
surveyed to determine the approximate number of on-lot wastewater dis-
posal systems. Interviews with town officials such as Boards of Health,
Water Departments, Director of Public Works, town clerks and officials
of Regional Planning Commissions produced the data shown on Tables 6 and
7. Of the thirty-nine cities and towns surveyed, twenty-two towns used
on-lot systems exclusively. Of the total population of 564,000 (1970
census), 312,000 or over 50% of the total population were served by in-
dividual on-lot land disposal systems. Based on town water consumption
records and allowing 60 gallons per person per day, this amounts to about
12 X 109 gallons of sewage disposed of by land absorptive systems each
year. :

There are recorded subdivision plans on file with the Registry
of Deeds showing over 600 house lots in one subdivision. Each home in
this subdivision would be sewered by an individual land disposal system.
Assuming an average of 3 people to a household, there would be a popu-
lation of 1800 using individual waste systems. Assuming a water con-
sumption of 60 gallons per person per day, the daily sewage flow would
amount to 108,000 gallons to be absorbed into the subdivision soil each
day.

These large wastewater volumes cannot be overlooked in the total
wastewater management plan of the Merrimack River Basin. The proper
design and installation of these individual systems are the essential
criteria in preventing non-point pollution.

The design of individual disposal systems are of three main types:

1. Septic tank discharging to a leaching bed.
2. Septic tank discharging to a series of trenches.
3. Septic tank discharging to seepage pits.

The most common design used is the first, that of a leaching bed.
The sizes vary with the soil absorption ability. For example, a per-
colation or soil absorption rate requiring 600 square feet could be
provided by constructing a leaching bed either 20 X 30 feet; 10 X 60
feet; or 8 X 75 feet.

In the case of a trench design, the required absorption area
could be made up of three trenches-~three feet wide and about 66 feet
long or three trenches two feet wide and 100 feet long each.
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Acton
Amesbury
Andover
Ashburnham
Ashby

Ayer
Billerica
Bolton
Berlin
Burlington
Carlisle
Chelmsford
Concord
Dracut
Dunstable
Fitchburg
Groton
Harvard
Haverhill
Holden
Hudson
Lancaster
l,eominster
Lexington
Lincoln
Littleton
Lunenburg
Marlborough
Merrimac
Newburyport
North Andover
Rutland
Shirley
Sterling
Sudbury
Tewksbury
Westford
Weston
Wilmington

Table ¢

Percent Sewer Number of Gallons of Population
Sewered Per. Issued Connections Water Used Sewered
0 11k - 425,000,000 -
70 22 463,885,300 7,971
50 137 3,500 1,108,779,000 11,847
0 L7 - 55,511,250 -
0O 22 - Ind. Wells -
65 12 810 310,250.000 4,805
18 110 1,14k 1,203,681,000 5,697
0 45 - Ind. Wells -

0 20 - Ind. Wells -
9.9 0 3,969 1,06k4,502,420 21,958
0 52 - Ind. Wells -

0 89 - 883,707,640 -
Lo 7 1,221 456,250,000 6,459
0 - - 389,000,000 -

0 35 - -
85 13 11,000 2,898,100,000 36,841
0 69 - 551,150,000 -

0 75 - 839,500,000 -
8o 53 1,992, 331,000 36,8%
17.7 100 564 260,268,694 2,223
T 51 3,039 1,197,420,000 11,902
0 Lo - 178,850,000 -
89 L7 8,000 2,945,550,000 29,315
99 8 7,000 No Information 31,547
0 15 - 136,451,070 -

0 6L - 212,000,000 -

0 86 - 102,200,000 -
80 28 5,042 1,263,000,000 22,349
0 - 88,310 -
90 12 882,390,200 14,226
iTo] 70 2,601 679,000,000 6,514
25 NI 393 101,000,000 800
0 32 - 73,000,000 -

0 39 - 67,764,000 -

0 1h7 - 456,051,000 -

0 22k - 655,052,390 -

0 134 - 251,046,800 -

0 63 - 443,820,000 -

5 161 958,051,000 855

2,191 24,610,387,654 252,205

Water figures
Lexington.
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do not include Dunstable and




Acton
Amesbury
Andover
Asburnham
Ashby
Ayer
Billerica
Bolton
Berlin
Burlington
Carlisle
Chelmsford
Concord
Dracut
Dunstable
Fitchburg
Groton
Harvard
Haverhill
Holden
Lancaster
Leominster
Lexington
Lincoln
Littleton
Lunenburg
Marlborough
Merrimac
Newburyport

North Andover

Hudson
Rutland
Shirley
Sterling
Sudbury
Tewksbury
Westford
Weston
Wilmington

Table 7

Population Not

26

Gallons Sewered Gallons to Ground Sewered
, 425,000,000 14,770
324,719,710 139,165,590 3,117
55k, 389,500 554,389,500 12,118

- 55,511,250 3,484

- 41,500,500 2,274
201,662,300 108,587,700 2,588
216,652,580 987,028,420 25,951

- 3k, 766,250 1,905

- 38,306,750 2,099
1,063,437,918 1,064,502 22
- 52,395,750 2,871

- 883,707,640 31,432
182,500,000 273,750,000 9,959

- 389,000,000 18,21k

1,292

2,463,385,000 434,715,000 6,502
- 551,150,000 5,109

- 839,500,000 13,426
1,593,864,800 398,466,200 9,224
27,848,878 232,419,816 10,341

- 178,850,000 6,095
2,621,539,500 324,010,500 3,624
614,117,939 6,203,211 339

- 136,431,070 7,567

- 212,000,000 6,380

- 102,200,000 7,419
1,010,400,000 252,600,000 5,587
- 88,310 L 2ks5
794,151,180 8,239,020 1,581
271,600,000 Lo7,400,000 2,058
886,090,800 311,329,200 4,182
25,250,000 75,750,000 2,805

- 73,000,000 Lk,909

- 67,764,000 L, 247

- 456,051,000 13,506

- 655,052,390 22,756

- 251,046,800 10,368

- 443,820,000 10,870
47,902,530 910,148,450 16,247
12,899,512,635 11,710,875,019 311,783



The third type, that of seepage pits an effective absorption
area could consist of two pits with outside diameters of ten feet with
an effective liquid depth below the inlet pipe of over seven feet.

The septic tank is basically a settling tank or a primary treat-
ment process which results in a 15-30 percent reduction in the BOD load-
ing entering the ground through the subsurface leaching unit. Although
the septic tank performs a vital role in the primary treatment process
by reducing the organic load, the size of the tank is probably of less
value than the distribution system through which the effluent reaches
the soil.

The soil's ability to absorb effluent is rated by the percola-
tion test. This test has been devised to indicats the ability of the
soil to continually absorb the discharge from the septic tank. Soils
that fail to absorb sewage effluent result in back up of sewage in the
toilets, sinks and laundry or an overflow on the ground surface in the
area of the disposal systems. This overflow of sewage is a nuisance by
definition because of the odor and may be a serious public health hazard
by allowing possible pathogenic organisms to come in contact with the
public. The abatement of such problems may require the imitallation of
public sewers and treatment facilities. Millions of dollars are spent
each year to sewer areas where on-lot systems have failed and nuisances
or dangers to public health have resulted.

Soils are of many types in Massachusetts and have @ wide range of
absorption capacities. Soil types such as Hinckley and Merrimac (sands
and gravels) have high percolation ability. Soils such as Paxton, Hollis
and Charlton, have generally poor percolation ability with varying depths
to hardpan, bedrock and to the groundwater table. The Hinckley and
Merrimac soils have a greater ability for downward movement of water
than the Paxton and Charlton types.

In Paxton type soil, a hardpan layer may exist 16'"-30" below the
surface. Individual sewage designs, therefore, should be based on the
particular soil type and slope of the terrain at the site location.

One indicator of the type of soil and how well it absorbs water
is the tree species growing on a particular site. Dense tree and brush
growth are indicators of wet or moist soils throughout the year. Tree
species, such as red maple, white and black ash, yellow birch, grey
birch, and red oak, indicate wet conditions with clay soils near the
surface. Sparse growths with trees of pitch pine and white oak usually
indicate good percolating soils.

The U.S. Department of Agriculture, Soil Conservation Service
has established guidelines for acceptable soils for the disposal of
sewage effluent. These guidelines are in the Addendum to this report.

Studies and investigations carried out in the City of Glastonbury,
Connecticut by M. Hill, Chairman, University of Connecticut Agricultural
Experiment Station, showed that sewage systems placed in compact glacial
tills has a median age of failure of 6.1 years (median age is a measure
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of the number of years in which 50 percent of the failing systems failed)
whereas systems in stratified sand and gravel had a median age of 13.1
years. (13)

In order to prevent failures, Hill suggested the following design
criteria:

1. Percolation tests and test pits should only be made in
early spring, or at the time of highest groundwater levels; and

2. Designs made for sands and gravels should be of the
same square footage area as for compact glacial soils.

There are many factors that cause system failure. Some are:

1. Location;

‘ 2. Percolation tests done on soils which subsequently
were removed due to regrading;

3. A soil horizon has been intercepted by a cut in the
original grade near the disposal area;

4. The bottom leaching area has been placed in the capil-
lary fringe zone of the groundwater table.

5. Insufficient leaching area for the volume of wastewater.

6. Percolation tests conducted above the effective area of
effluent discharge; and

7. TIon exchange capacity of the soil is too high, thus
resulting in Na'¥ and-Ca*t ion exchange. (The replacement of catt ions
with Na ions results in soil deflocculation).

A report by Minear & Patterson states "it is the opinion of most
public health engineers that a septic system is generally an unsuitable
waste disposal technique." They state further that "'septic systems used
frequently results in contamination of the soil, surface and groundwaters,
and thus constitutes a public health hazard." (24)

The Minear & Patterson report fails to note the percolation rate
or the elevation of the groundwater table in their study areas. A re-
view of the soils in Lake County and Will County in Illinois show that
percolation rates range from 15 minutes to over 75 minutes per inch, with
groundwater elevation varying from one foot to three feet below grade.
The installation or operation of subsurface on-lot systems placed in
such soils and in or near the groundwater table are assumed to fail.

Massachusetts Department of Public Health places an upper limit
for the percolation rate of 30 minutes per inch. The U. 8. Public Health
Service recommends a maximum of 60 minutes per inch. Massachusetts re-
gulations further requires a distance of a 4 foot "freeboard" between
the bottom of the disposal bed and the top of the groundwater table.
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The location of the ultimate disposal site is also very impor-
tant. The Massachusetts Department of Public Health regulations require
a minimum distance of 100 feet from the leach field of a sewage disposal
area to any surface water supply or tributary to a water supply. For
other water courses the minimum distance is 75 feet for a single dwelling
and 100 feet for a mutiple dwelling. The Sanitary Code recommends that
an additional adequate area for the disposal of the effluent be reserved
for reconstruction or expansion of the system. This is only a recom-
mendation not a regulation and has little or no enforcement power.
Zoning laws, which contain the power to regulate lot sizes and restrict
the type of dwellings being built should take into consideration the
type of soil and its ability to absorb the total wastewater generated
from a particular type of dwelling.

Field investigations made in this study reveal the encroachment
of individual sewage disposal systems to water courses, where pollution
of that water course may be considered a point or non-point source of
pollution. The authority of the many local Boards of Health to control
recommended distances is at best haphazard.

It would seem in the best interest of economics & :d the public
health that individual household systems should have a life expectancy
of at least 20-25 years with a reserve land area for the construction of
a new land disposal area following the failure of the original system
from soil clogging.

Dr. Bauma, University of Wisconsin, believes there is a sq. ft.
area of disposal in certain soils where the inflow-outflow reaches a
steady state condition. (3) In this situation, failures will not likely
occur.

Field investigations in the Merrimack River Basin show that
many disposal systems have functioned properly for 20 years. The dis-
posal areas of these systems in a subdivision range from 1,000-1,200
sq. ft.

The cost of a 1,200 square foot leaching area would be about
$1,000 and would have an estimated service life of 20 years. The de-
preciation for this system would amount to $50/year. 1In comparison, a
600 sq. ft. leaching area with a service life of 5 years would need 4
replacements within this 20 year period at a depreciation of $162/year.
The following claculations outline how this cost was derived; an in-
flation rate of 3 to 5% per year was assumed.
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Years in Service Cost Inflation/year

0-5 initial system $.600

5-10 2nd system 690 3%
10-15 3rd system 862 5%
15-20 4th system 1078 5%

Total Cost $3230
Cost/year $ 162

Thus, the comparison cost of $50/year for a 1,200 sq. ft. leaching area
to $162/year for a 600 sq. ft. area is one third the yearly cost. This
does not take into account the cost to reseed lawns and other added costs
of area damage due to construction of each system, nor can the public
health hazard of exposure be calculated.

Observations of individual homes under construction show that
often the house is placed on the best available area on the lot. The
disposal system is then placed in the least desired location in regard
to soil percolation ability and expansion. The average three bedroom
home will discharge an average of 100,000-110,000 gallons of sanitary
sewage per year. Soils unable to absorb this volume year after year
result in system failure.

The volumes of wastewater discharged into the ground from indi-
vidual systems is significant. In some areas, this steady state flow in-
to the ground may play an important role in the recharge of local ground-
water wells. Chelmsford has all individual land disposal systems.
The total water consumption in the town in 1972 was 864 million gallons.
It can be assumed that a portion of the sewage effluent from some 10,000
homes, industries and businesses is entering the groundwater table.
Chelmsford issues approximately 200 individual sewer permits each year
either for new construction or repairs to existing systems. Implement-
ation of the proposed alternatives in sewering most of Chelmsford will
help to control pollution of the groundwater and local streams but will
not serve as a recharge source for groundwater. Such loss of groundwater
recharge may effect the availability of groundwater as a water supply in
future years.

The present state sanitary code for individual disposal systems
does not include regulations governing proper land-use management tech-
niques, minimum house lot size, or minimum land area for the disposal
system., The code contains some recommendations that are not always im-
plemented. Since sewage system failures have occurred and are occurring
throughout the Merrimack Basin, it appears that either the code is not
strict enough or that its implementation is weak or nonexistant.

Based on the performance of individual systems to date, there

appears to be a need of a complete evaluation of the sewage system be-
ginning at the septic tamk to determine the most efficient design for
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effluent discharge especially in regard to BOD and suspended solids re-
moval. Tte land area required for final effluent disposal is customarily
determinec by the percolation test. There appears to be quesiions of
determining the true rate of percolation under certain soil testing con-
ditions. Hill suggests that recorded rates on record do mot agree with
true rates. Is a percolation rate of 1 inch in 10 minutes a true opera-
tional rate for soils with an impervious zone 3-5 feet below grade?
Secondly, can complete soil saturation be achieved under artificial
soaking in determining percolation rates? The size of leaching areas
are calculated on the bottom leaching area as determined by the percola-
tion rate. It appears that lateral water movement should be considered
in such designs and larger leaching areas required, if necessary. For
example, a leaching area 23' x 23' equals about 529 sq. ft. as a bottom
percolation zone for a percolation rate of 1" in 20 minutes, as shown
under the State Sanitary Code. However, if the movement of sewage
effluent is in a lateral direction, due to lenses or stratas below the
disposal area, then the percolation or absorption zone is basically
limited to the peripheral zome of: 23'+23'+23'+23' x 1' equaling about
98 sq. ft. (1' is the assumed normal vertical zone between the bottom of
the leaching area and inlet of the sewage distribution pipes). Based on
a sewage flow into the leaching area of 300 gallons per day and the sq.
ft. bottom area of 529 sq. ft., the effective loading rate is 1.76
square feet per gallon. If the sewage effluent flow in the surrounding
soil is 1lateral in movement then the effective loading rate is 0.33

sq. ft./gal. not 1.76 sq. ft./gal. The standard loading of 1.76 sq. ft.
per gallon for this 20 minute soil would be reduced by nearly 4 times,
and failure would be evident.

It would suggest that research should be funded to determine
optimum designs for various soils. The present guidelines tend to leave
too much to guess work and experience. The State of Maine now requires
1,000 square feet of leaching area for slight to moderate soil limitatiom.
No mention is made of the percolation rate required. Soils in the slight
limitation are defined as "rapidly permeable and occur on 0-8% slopes.
They do not have layers within 5 1/2 feet of the surface that retard the
downward movement of water." Moderate limitation soils also are ''rapidly
permeable and have formed in sandy and gravelly materials, but they occur
on 8-15% slopes.'" Maine also requires a 20,000 square feet lot with a
minimum of 100' frontage. Smaller lots may be used subject to approval
in writing by the Board of Environmental Protection.

Massachusetts Federation of Planning Boards, publication entitled
"Planners Handbook" list recommended lost sizes for homes located on
various soil types. Minimum lot sizes for homes serviced by individual
sewage system is 20,000 square feet, with lot sizes to 60,000 recommended
for some soils.

In most cases, soils listed under the severe limjitation category
are not recommended for land disposal of sewage effluent.

Environmental officials and town planners recognize the need for
minimum area for on-~lot land disposal with acceptable soils.
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Mzny towns, such as Berlin, Massachusetts, have the majority of
the town with severe soil conditions. On-lot disposal in these soils
would result in many system failures. System size, design, lccation,
construction and maintenance appear to play an important role in any
proper on-lot disposal. It may well develop that towns having no central
sewerage system must limit housing to the absorptive capacity of the
available soil.

The BOD; reduction in the septic tank may range from 15 to 30%.
Maximum removal generally occurs when a 24-hour retention time is main-
tained in the tank. Failure to pump the accumulated solids from the
tank at least once in 2 to 3 years will cause a reduction in the re-
moval efficiency of BOD in the effluent. The frequency of tank pumping
cannot be left to the individual home owner, since homes change owner-
ship frequently. Today, the practice is to pump out the tank only after
failure occurs. The increased load of BODg and suspended solids entering
the disposal field will decrease the soils abilityv to treat the effluent.

The disposal of the sludges pumped from these septic tank systems
creates an additional problem. It is estimated that 29 to 35 million
gallons per year are pumped from septic tanks and cesspools within the
Merrimack River Basin. The Nashua River Program Tank Force Committee on
Septic Tank Sludges and Solid Waste Sites estimate that 10,000,000 gallons
per year will be pumped from on-lot disposal systems within the Nashua
River Basin alone. This amounts to 500,000 lbs. of BOD

Common practice is to dispose of this material at the local dump
or sanitary landfill. This could cause odors, a breeding site for
bacteria, and contamination of nearby streams or groundwater due to run-
off and percolation. These sludges have very high BOD loadings varying
up to 18,000 mg/1 with COD loadings much higher. Such wastes cannot
be pumped into an existing municipal treatment plant as a load dump,
but if facilities are adequate, can be bled in slowly. The Marlboro
East Sanitary Treatment Plant accepted over 200,000 gallons of septic
tank sludges during September, 1974 and minor upsets in the operation
of the plant resulted. The problem of transporting this sludge to the
treatment system adds additional costs. Incineration of the sludges is
another disposal alternative. This minimizes the health and safety
hazards of the sludge but adequate air pollution devices must be installed
to eliminate creating another health hazard. Local Boards of Health
have jurisdiction over the disposal of such wastes and should keep strict
control over the problem. Figures 7 and 8 show sludge drying beds and
septage lagoons.

Section 104 of the FWPCA, Amendments of 1972, calls for a compre-
hensive research, investigation and pilot plant work on new and improved
methods of preventing, reducing, storing, collecting, treating, or
otherwise elliminating pollution from sewage in rural and other areas
where collection of sewage in conventional, community wide system is
impractical, uneconomical or otherwise unfeasible or where soil condi-
tions or other factors preclude the use of septic tank and drainage
field system. Once this needed research is completed implementation of
the improvements must follow immediately to help solve this problem
before any further damage is done to the environment.
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Figure 7
Sludge Drying Bed

Acton, Massachusetts

(Septage Sludge)

Septage is dumped at the far upper end of the picture and
flows through collection pipe to the lower drying bed shown in the

foreground.
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Figure 8
Septage Lagoons

Acton, Massachusetts

Pumping from Septic Tanks and Cesspools

h

This lagoon is located in unconsolidated sand and gravels.
The lagoon is at its maximum elevation.

Great numbers of mosquitos were present. This is an ideal

‘media for mosquito production.
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2. On-Lot Land Disposal for Apartment and Condominiums and Other
Large Water Users.

With the change in housing construction from single family to
multi-family units, sewage disposal by land application has taken on a
new dimension. One of the most urgent problems in wastewater manage-
ment is the proper disposal of these large volumes of sanitary wastes.

Apartment and condominium complexes and other housing units have
been built and will continue to be built in areas without public sewers.
There is a growing demand for these large concentrated units to be built
adjacent to surface waters including public water supplies and feeder
streams. Concern has been expressed at interviews with town and city
engineers and other public works and health officials of the increased
pollution generated by these systems, when failure occurs, and the
potential source of infection to downstream water users.

Some streams flowing past these housing areas have strong septic
odors. These conditions exist at Beaver Brook in Boxboro and Nagog
Brook Tributary in Acton. (See tables for additional data). Both
these towns have many housing complexes.

Many local health officials report sewage disposal system
failures within two to five years after installation. Nashoba Associ-
ated Boards of Health report continuing problems of failure with large
on—-lot systems at nursing homes, apartments, condomuniums, and restaurants.

The Town of Acton has a large number of condomuniums and apart-
ments served by land disposal systems. The health director reports that
75 per cent of these waste systems fail within two to four years after
installation.

The problem of disposal suggests that the present land disposal
designs are inadequate for large volumes of wastes. Disposal areas also
appear to be limited and expansion areas are not available on the exist-
ing site. Observation of the disposal site shows that many systems have
been installed in areas of high groundwater or in areas of questionable
so0il percolation ability.

Some failures are attributed to decreases in the movement of the
effluent out of the initial disposal area and the development of chemical
clogging substances generated under septic condition. Percolation tests
conducted in the actual disposal area appears inadequate. Poorer per-
colation soils some distance from the parent bed may act as a dam, thus
the liquid flow from the initial area may be greater than the percola-
tion rate in the poorer receiving area. Insufficient consideration is
given in the design and location of these large systems to the movement
of the waste liquid from the parent area.

The situation is also critical from a social and economic basis.
Odors from a large failing system are very offensive. Many large systems
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with flows of 10,000 - 15,000 gals/day may cost up to $150,000 or more.
Continued failures and replacements are uneconomical in the first place
and a burden to condominium owners and apartment dwellers because of
increases in maintenance costs and increases in rent. The failure to
maintain a certain quality effluent at a municipal sewage treatment plant
with an outfall to a stream or river does not result in rebuilding a

new treatment plant. In the case of subsurface land disposal systems,
however, failure to maintain an optimum effluent quality will cause
premature soil or media clogging and a new land disposal system is
required.

The basic design as presently and commonly installed comsist of
a septic tank with a liquid volume 50 per cent larger than the daily
estimated wastewater flow. The effluent-disposal designs are subsurface
disposal into so¢-called ameration chambers or flow diffusion chambers or
stone leaching beds. The design of the ameration chamber and flow di-
version systems consist of concrete bridges set on 24" to 30" of sand.
The effluent is applied by pump or gravity from the septic tank to the
chambers. The effluent percolates through the sand media to the parent
soil. The chamber sand media acts as a secondary treatment before the
effluent reaches the original soil.. The design of these chambers area
are generally based on an application of one square foot of surface area
per gallon of effluent applied.

Figure 9 shows the reconstruction of a clogged system at an
apartment complex in Acton. The failed system is being reconstructed
in the same location as the former system.

Thus, it appears that the larger on-lot systems have not per-
formed well and design changes should be made. Research should be
immediately begun to determine the causes of failure znd the design
criteria necessary to extend the life of these systems. The evaluation
of the many field investigations and conferences with qualified officials
conclude that the Federal government must take a lead in funding this
research.

The present institutional structure does not provide the direct
Federal-state-local authority, regional or Basin Area Authority to
formulate wastewater management and control, and to enforce this policy.
U.S. Environmental Protection Agency has authority limited to point
source discharges. The Massachusetts Division of Water Pollution Con-
trol Authority appears limited to stream discharges and direct ground-
water discharges. The Massachusetts Department of Public Health regulates
land disposal systems which treat wastewater volume over 2,000 gal/day.
The local boards of health have authority over individual land disposal
system with wastewater flows less than 2,000 gal/day.

Some local health officials voice concern over the large number
of large land disposal systems installed in their respective area. They
voice the concern over lack of reserve area available when the present
disposal system fails in a few years. Many officials question the ap-
proval of systems in fill or adjacent to swamps and streams and on side
hills. However, their authority is limited to secondary approval of a
previously approved plan.
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Figure 9

Apartment Complexes

Apartments were built in a low elevation area adjacent to a
feeder stream. The excavation shows high groundwater conditions.
The original waste disposal on-lot system had failed. The

picture shows the reconstruction of the same area.
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Increased cooperation and improved institutional structures at
Federal, State and local levels, adopting research developments in
design criteria and overseeing installation, operation and maintenance
procedures should eliminate pollution sources from land disposal systems
and decrease the public health hazards associated with failing systems.
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G. EVALUATION OF SOLID WASTE DISPOSAL SITES

The location of solid waste disposal sites in the past have
" been on land generally unsuited for any other use. These dumps were
placed in swamps, in the groundwater table, and along streams and
rivers.

Low pH water usually found in swamps results in the ionization
of metals. These dissolved metals result in pollution of groundwater
and surface streams.

Camp, Dresser and McKee, Consulting Engineers;-report the
water analysis from a brook flowing through the Leominster municipal
dump as: (6)

cop 165 mg/1
BOD : 21 mg/1
pH ‘ 6.9

Alkalinity 320 mg/1
S.S. 700 mg/1
V.S. 315 mg/1
Iron 50 mg/1
Manganese , 2.0 mg/1

Massachusetts has out-lawed open-faced dumps, but this has not
changed the location of many dumps. One community in Massachusetts
uses a river as the dumping ground for solid wastes and calls this site
a "sanitary.landfill".

A Camp, Dresser and McKee report lists several dumps located
near rivers or streams. Among these are the Leominster dump near the
North Nashua River, the Fitchburg-Westminster dump along Flagg Brook,
the Town of Shirley dump located in the groundwater table and near
Catacoonamug Brook and the Town of Groton dump on the Nashua River.
The Nashua River flows into the Groton dump during high flows. The
Lunenberg dump located near Mulpus Brook creates serious pollution
problems. Local residents complain that their shallow wells have been
contaminated by the dump leachates.

Table 8 shows the water quality data of eleven feeder streams
which are adjacent to or flow through solid waste sites in the
Merrimack River. These sites show non-point and point sources of
chloride, iron and manganese pollutlon.,
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Total Coliform

Table 8
“Merrimack River Basin
:801id Waste Dispasal Sites
ﬁater Q.lahty Data 1973 - 1974

Fecal Coliform

Chlorides

Station Water Source Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May
2a  ILocke Brook Trib 0 40 120 . D { D i 0 P <1 12 20
Ashby Dump 1 - C
3 Flanagan Pord 640 ‘10 90 10 3200 -20 } 130 2 4 v 210 D 270 89 00 165 28 240
“Byer Dump 3 : ) 3
9 Canal Tast 31230 750 38 42 26 25 3.9 30 72
Billerica Damp E 3 3 )
18 Canal West 1170 4400 80 41 65 .8 -4 90 B35 150
Billerica Dumgp 4 b 3
23a -Crystal Spring Brock | B 0 E 120
-Buison Dump 3
25 Elizabeth Brook 17300 70 83 96 22 25 225 40 29
_Harvard Dump 3 3 E
28a  Fish Brook E E E B0
Andover Dump 3 3 3.
32 Becond Div Brook 4190 1301 . -} 1 5% 30071 ® 9 21 9 é] 7 250 1 80 30 25 24 32 25 25
Taynard Dummp E : ) ]
47 Black ack Creek E 1600270 15 1 -15000 3708
Salisbury Bump E 3
54 #. Hashua R. 1130 1900 2500 054001100 § D 2260 0 660 22 31 42 38 74 29 70
Iecminster Dunp 3
66b Trib to Sguannacook R 430 20 : 43

ok




Taple 8 (Cont.)

Specific Conductance Nitrates Phosphorus pH
Station|Aug Sept Nov Dec Jan Mar Apr " May | Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May
2a 80 158 122 <1 <1 <1 .01 .01 7.1 7.6
3 2120 528 1545 1434 206 1224 1.0 1.0 4.0 7 3 6 .01<.01 0.05 0.06 0.04 .01 7.2 7.2 8.0 7.1
9 510 415 418 <1 15 2 <.01 0.01 7.2 6.5
10 530 446 608 9 -1 8 0.01 <0.01 7.0
23a 1620 “1 6.4
25 956 225 196 <1 =1 <1 - <.01 6.8 6.9 6.6
28a 325 1.0 .01 7.0
42 530 307 270 230 255 221 202 1 5 7 8 7 8 81 0.01 <0.01 7.6 7.4 7.2 6.6 6.6 7.2 7.3
47 37875 14175 1 1 0.26 0.05 6.6 6.8
54 404 273 466 480 161 376 1 1 1 3 2 31 4.7 0.02 0.07 .02 <01 .01y 7.4
66b 358 30 .05
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Table 8 (Cont.)

Color Chramium Silver Copper.
Station|Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May | Aug Sept Nov Dec Jan Mar Apr May
2a 13 10 15 0.00 0.00 0.009
3 30 8 12 7 0.0 0.013 0.042
9 23 10 0.0 0.0 0.0 0.0 0.008 0.053
10 13 0.0 0.024 0.0 0.01 0.008 0.061
23a 7 0.0 0.0 0.077
25 33 30 13 0.0 0.0 0.0 0.0 0.044 .008
25a 5
42 12 12 3 7 6 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.35 0.014 .009 0.03
47 >50 =50 0.034 0.037 2.2
54 >50 0.0 0.0 0.22
66b
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Table 8 (Cont.)

Station|

Manganese
Aug Sept Nov Dec Jan Mar Apr May

Lead
Aug Sept Nov Dec Jan Mar Apr May

Iron
Aug Sept Nov Dec Jan Mar Apr May

1%

2a
3

9
10
23a
25
28a
42
47
54
66b

1.9
1.8

20.5

0.0 1.1 0.39 0.35

0.00
0.034
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.0 1.2 0.15 0.0 0.0
0.051
0.00

10.5
5.9
0.36 0.62
0.75 0.43
58
0.34 0.57
1.5 0.0 4.1 2.2 2.0
0.31
4.9

Cobalt
Aug Sept Nov Dec Jan Mar Apr May
0.00
0.025
0.00 0.00
0.00 0.00
0.00
0.0 0.00
0.0 0.0 0.012 0.0 0.0
0.039
0.013




Table 8 (Cont.)

Station|

Zinc
Aug Sept Nov Dec Jan Mar 2pr May

; Nickel
Aug Sept Nov Dec Jan Mar Apr May

Turbidity
Aug Sept Nov Dec Jan Mar Apr May

Y

2a

3

9
10
23a
25
28a
42
47
54
66b

Cadmium
Aug Sept Nov Dec Jan Mar Apr May
0.00
0.00
0.00 0.00
0.00 0.00
0.0
0.0 0.00
0.0 0.0 0.0 0.0 0.0
0.019
0.002

0.34
0.04 0.042
0.072 0.165
0.28
0.032 0.012
0.057 0.02 0.1 0.13 0.07
0.33
0.15

0.00
0.00 0.00
0.00 0.00
0.0
0.00
0.0 0.0 0.012 0.0 0.0
0.1
0.014

.8
1.2
.44
.85 .75
2.5 2.8 5.3 3.0 2.5



The Town of Maynard dump (Station 42) is located in an old
gravel excavation site, which extends into the groundwater table.
Filling of this hole with solid waste has resulted in pollution of a
nearby pond and stream. High nitrates iron and manganese can be seen
in the water quality analysis of Second Division Brook.

A similar problem exists in the Town of Andover where solid
wastes were placed into the groundwater table. Within a few years, a
nearby well was polluted along with a large area of an adjacent swamp.

Sanitary sludges from septic tanks are deposited at the

Salisbury dump. Station 47. This site contains numerous salt marsh
ditches which flow to beaches and Black Rock Creek.

Station 23a, Crystal Spring Brook at the Hudson Dump showed the
highest levels of manganese, 20.5 mg/l and iron, 58 mg/1.

In order for the metals or other leachates to travel to a water
course or into the groundwater, three essential conditions must be
present:

1. The upper soil must be permeable for water infiltration;

2. There must be enough interconnecting voids in the soil to
allow water to circulate;

3. There must be a topographic high area of recharge and a
lower area of discharge.

In Massachusetts, with an annual rainfall of about 45 inches,
the formulation and discharge of leachate from a site may be a greater
hazard than in regions of little rainfall. Thus, in Massachusetts,
the major problem is the prevention and control of leachates and the
proper location of the disposal sites. Management is the answer to
pollution control of the groundwater and surface waters.

It is estimated that in New England only ten percent of 17,000
land disposal sites meet minimum solid waste disposal regulations or
criteria. In Massachusetts, only a few sites meet present-day re-
quirements for refuse disposal. Eighteen of the existing 23 solid
wastes sites in the Massachusetts portion of the Nashua River Basin are
causing groundwater or surface water pollution. (26)

Control of this pollution can only be made possible by relo-
cation of many present dumps and the removal of abandoned dumps that
have been place in the groundwater table and which are serious threats
to future groundwater supplies. Observation wells should be drilled
around these sites to determine the extent of the polluted zone.
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All untreated septic tank sludge must be kept out of present
dumps and sanitary landfills, since the presence of large volumes of
water can only add to the movements of leachates through the soil.

Future site location must be planned based on sound sanitary
engineering. The placing of sanitary landfills in coarse sands and
gravels only adds to the pollution problem. Because of the abundance
of rainfall, water flowing from a refuse site must be kept to a minimum.
This involves sound drainage designs and an absorbant final cover that
will retain high amounts of water from precipitation.

Public and private water supplies are the main public health
concern. Where sites are used for refuse alone, there is little evi-
dence of bacterial pollution that would endanger recreational waters.
Aesthetically, waters can be made unusable as occurred in the Town of
Maynard by iron and manganese leaching.

A Federal and State program of solid waste site evaluation of
present conditions with a detail plan of remedial action of the pollution
problems is needed. Since Towns do not have the finances to correct
abandoned dump pollution sources, or existing sites, a Federal-State
program is needed for the preservation of the regions present and
future surface and groundwater supplies.

The recycling of metals and papers can have a large effect on

solid waste disposal both with the amount of land required and the
potential pollution problems that would be eliminated.

46



H. EXISTING WATER QUALITY IN SELECTED STREAMS

In order to determine the quality of the waters of the Merrimack
River Basin, a sampling and analysis program was developed covering some
164 sampling locations throughout the basin.

Sampling locations were chosen at existing public waste treat-
ment plant outfalls, at points below suspected sewage discharge sources,
at point sources from solid waste disposal sites, in streams below sub-
division and apartment complexes known to have on-lot waste disposal
systems, along the entire length of the Merrimack River, along sections
of the Assabet and Concord Rivers, and in streams which feed public
water supplies. The geographical location of these stations are listed
in Table 9 and are shown on the basin map at the end of this report,

Monthly grab samples were collected using standard sampling pro-
cedures with bacteriological and chemical analysis conducted by. the
United States Environmental Protection Agency Laboratories. The bac-
teriological samples were analyzed at the National Marine Laboratory
in West Kingston, Rhode Island while the chemical analysis were done
at the EPA laboratory in Cincinnati, Ohio. Refrigerated bacteriological
samples were delivered to Rhode Island either by automobile or by U,S.
Army helicopter, Preserved chemical samples were sent to Ohio by regu-
lar mail until April after which they were delivered by U.S. Air Force
cargo planes. The sampling period extended from August 1973 through
May 1974.

A set of natural background water quality data was collected on
thirteen small water supply feeder streams located within the Nashua
River Basin. The results of this sampling are given on Table 10. The
streams sampled are located in the sparsely populated towns of Holden,
Rutland, Princeton, Sterling, Northboro, Townsend, "Leominster, and
Boylston. The land has some agricultural activities such as dairy
farming, hog raising and fruit orchards. A large percentage of the area
is natural forested land inhabited by deer, foxes, rodents, birds, and
other native wildlife of the region.

The water quality of these streams is excellent as can be seen
from the data on Table 10. Bacteriological counts are very low, with
the majority of the stations showing less than 10 fecal coliform counts
per 100 ml. The chloride concentrations are less than 10 mg/l and the
nitrate concentration less than 1 mg/l at most of the stations. Where
runoff from agricultural activities influenced the quality of the
streams, for example, hog farming near Station 64A, Alpha Brook, the
nitrate concentrations increase slightly. Turbidities of less than
1 TU indicate the filtering action of forest cover and minimal soil
erosion. The pH is geherally between 5.0 to 6.8. This corresponds to
slightly acidic water which is characteristic of uninhabited forested
areas.

With the natural background quality as a guide for undeveloped
areas, samples were collected at 128 stations throughout the
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Massachusetts Coordinate location and Graphical Location

TABLE 9

Merrimack River Basin Study

Water Quality Sampling Stations

Stream or
Group  Station Town Quadrangle Watershed Name Coordinate North Coordinate East Longitude latitude
STP 1 Ashburnham Ashburnham Phillips Brook 595,550 489,550 71-54-37.53 42-38-0.91
1 la Ashburrham Ashburnham Phillips Brook 596,305 488,390 71-54-53.10 42-38-8.31
2 2 Ashby Ashby Forbes 608,300 516,680 71-48-35.23 42-40-7.98
D 2a Ashby Ashby Iocke Brook Trib~Dump 614,350 524,150 71-46-55.50 42-41-7.99
D 3 Ayer Ayer Town Dump Cutfall 571,000 580,800 71-34-16.57 42-34-0.95
3 4 Ayer Ayer Nonacoicus Brook 569,046 578,200 71-36-38.19 42-33-41.47
3 5 Groten Ayer James Brook 582,500 581,300 71-34-10.01 42-35-54.55
3 6 Groton Ayer Wrangling Brook 584,700 570,500 71-36-34.45 42-36-16.17
3 7 Haverhill Salem Depot Bare Meadow Brook 642,150 698,850 71-7-54.95 42-45-41.73
3 7a Haverhill Salem Depot Crystal Lake Tributary 660,550 694,050 71-8-58.28 42-48-43.67
3 8 Billerica Billerica Webb Brook 562,800 666,620 71-15-10.06 42-32-39.07
D 9 Billerica Billerica Canal - East 577,700 665,850 71-15~19.78 42-35-6.27
D 10 Billerica Billerica Canal - West 577,600 665,400 71-15-52.53 42-35-5.38
3 10a Billerica Billerica Conicord River 576,158 657,200 71-17-15.46 42-34-15.19
3 10b Bedford Billerica Concord River 549,650 649,650 71-18-57.13 42-30-29.59
2 11 Chelmsford Billerica River Meadow Brock 585,800 645,050 71-19-57.60 42-36-26.78
2 11ia Chelmsford Billerica Black Brock 590,650 540,250 71-21-1.67 42-37-14.78
2 11b Chelmsford Billerica River Meadow Brock 582,900 643,250 71-20-21.74 42-35-58.17
2 1lc Chelmsford Billerica River Meadow Brook 580,000 642,750 71-20-28.50 42-35-29.54
2 114 Chelmsford Billerica Putnam Brook 579,000 640,450 71-20-59.27 42-35-19.70
2 1le Chelmsford Billerica Farley Brock 575,000 640,100 71-21-4.04 42-34-40.19
2 11f Chelmsford Billerica Beaver Broock 581,690 639,700 71-21-9.24 42-35-46.28
2 1ig Chelmsford Westford Pond Brook 570,500 631,690 71-22-56.53 42-33-55.87
2 11h Chelmsford Westford Beaver Brook 578,750 626,850 71-24-1.08 42-35-17.43
3 12 Lancaster Clinton North Nashua Tributary 527,650 548,700 71-41-24.24 42-26-52.23
STP 12a Clinton Clinton MDC Treatment Plant 521,350 551,550 71-40-46.05 42-25-50.06
3 13 Sterling Clinton Wekepeke Brook 533,850 535,160 71-44-25.,87 42-27-53.14
3 13a Lincoln Concord Sudbury River 636,600 517,100 71-48-30.97 42--44-47.54
3 13b Concord Concord Concord River 640,400 536,050 71-44-17.16 42-45-25.67
STP 13c Concord Concord Sewage Disposal@Concord R 643,550 537,600 71-43-56.50 42-45-56.83
1 14 Fitchburg Fitchburg Sawmill Pond Brook 564,950 506,150 71-50-53.80 42-32-59.37
1 l4a Westminster Fitchburg Sawmill Pond Brook 561,900 502,550 71-52-8.43 42-32-29.01
STP 15 Marlboro Fast Framingham Hager Pond Brook 492,150 602,400 71-29-28.04 42-21-2.11
1 15a Framingham Framingham Sudbury River 481,700 627,350 71-23-55.93 42-19-18.71
Group Key - 1 - Recreational streams

STP - Sewage Treatment Plant

D - Dump

2 ~ Water supply streams
3 - Other feeder streams
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Massachusetts Coordinate Location and Graphical Location (Cont'd)

‘|

Stream or
Group  Station Town Quadrangle Watershed Name Coordinate North Coordinate East Longitude Latitude
i 16 Ashburnham Gardner Whitman River 586,700 485,350 71-55-33.12 42-36-33.28
1 lea Ashburnham Gardner Whitman River 586,500 482,650 71-56-9.21 42-37-0.81
1 17 Westminster Gardner Round Meadow Pond 562,750 492,650 71-53-54.01 42-32-37.05
1 17a Westminster Gardner Round Meadow Pond Brook 564,650 496,350 71-53-4.70 42-32-55.99
1 17b Westminster Gardner Round Meadow Pond Trib 564,300 489.700 71-54-33,52 42-32-52.23
1 18 Boxford Georgetown Fish Brook 576,150 741,200 70-58-52.71 42-34-47.61
1 19 Georgetown Georgetown . Pentucket Pond Brook 631,300 736,800 70-59-27.13 42-43-52.63
3 20 Haverhill Haverhill East Meadow River 660,400 725,350 71-1-58.40 42-48-40.71
3 21 Groveland Haverhill Johnson Creek 639,650 722,750 71-2-34.77 42-45~15.90
1 2la Groveland Haverhill Merrimack River 643,150 724,700 71-2-8.37 42-45~50.36
1 22 Holliston Holliston Winthrop Canal 437,250 619,700 71-25-38.27 42-11-59,67
2 23 Hudson Hudson Crystal Spring 506,550 575,125 71-35-31.48 42-23-24.23
D 23a Hudson Hudson Hudson Dunp 506,550 576,600 71-35-11.82 42-23-~24.24
1 24 Bolton Hudson Sunken Meadow Brook 522,200 570,750 71-36-30.04 42-25~58.78
D 25 Harvard Hudson Elizabeth Brook 536,850 583,700 71-33-37.50 42-28~23.62
1 25a Boxboro Hudson Beaver Brook 544,800 588,650 71-32-31.49 42-29~42.18
1 26 Hudson Hudson Assabet River Tributary 509,950 586,700 71-32-57.26 42-23~57.91
1 27 Stow Hudson Assabet River 511,800 592,850 71-31-35.30 42-24~16.21
2 28 Andover Lawrence Fish Brook 608,300 681,800 71-11-45.12 42-40-8.04
D 28a Andover Lawrence Andover Dup 608,900 683,250 71-11-25.68 42-40-13.91
3 29 Andover Lawrence Shawsheen River 600,450 693,800 71-9-4.93 42-38-50.04
1 30 Lawrence Lawrence Merrimack River 620,000 694,350 71-8-56.50 42-42-3,13
1 30a Lawrence Lawrence Spicket River 622,350 689,350 71-10-3.33 42-42-26.54
1 30b Lawrence Lawrence Lawrence Canal 622,450 694,350 71-8-56.36 42-42-27.33
1 30c Lawrence Lawrence Lawrence Canal 620,550 693,700 71-9-5.17 42-42-8.59
1 30d Methuen Lawrence Merrimack River 620,125 677,900 71-12-36.78 42-42-4.97
1 31 Methuen Lawrence Spicket River 630,250 678,250 71-12-31.63 42-43-44.97
3 3la Methuen Lawrence Harris Brook 635,350 668,450 71-14-42.72 42-44-35.66
1 32 Dracut Lowell Beaver Brook 609,300 641,390 71-20-45.97 42-40-18.99
STP 32a Lowell Lowell Merrimack River 600,450 645,250 71-19-54.54 42-38-51.49
1 32b Lowell Lowell Lowell Canal - 601,750 649,900 71-18~52.48 42-39-4.24
1 32c Lowell Lowell Lowell Canal 600,600 651,100 71-18-36.26 42-38-52.85
1 32d Lowell Lowell Merrimack River 600,500 652,150 71-18-22.22 42-38-51.84
1 32e Lowell Lowell Concord River 598,375 652,825 71-18~13.25 42-38-30.84
2 33 Lowell Lowell Black Brook 595,150 640,000 71-21-4.91 42-37-59.24
2 34 - Lowell Lowell Black Brook 593,200 640,900 71-20-52.92 42-37-39.96
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Massachusetts Coordinate Location and Graphical Location (Cont'd)

Stream or
Group  Station Town Quadrangle Watershed Name Coordinate North Coordinate East Longitude Latitude
STP 35 Marlboro Marlboro Assabet River 489,800 568,900 71-36-54.13 42-20-38.68
1 36 Westboro Marlboro Chauncey ILake 472,900 568,700 71-36-56.49 42-17~51-73
1 36a Westboro Marlboro Chauncey Lake 469,550 569,250 71-36-49.11 42-17-15.64
2 37 Southboro Marlboro Sewage Treatment Outfall 479,300 592,400 71-31-41.16 42-18-55.15
1 38 Acton Maynard Fort Pond Brook 531,400 610,750 71-27-36.59 42-27~29.82
1 39 Acton Maynard Waste Disposal 529,050 619,850 71-25-35,22 42-27-6.54
1 3% Concord Maynard Assabet River 525,550 619,750 71-25-36.60 42-26-31.97
1 40 Concord Maynard Assabet River 530,600 629,450 71-23~27.14 42-27-21.75
STP 40a Concord Maynard Assabet River 533,550 628,800 71-23-35.77 42-27-50.90
1 41 Concord Maynard Second Division Brook 525,350 624,300 71-24-35.92 42-26-29.95
D 42 Maynard Maynard Second Division Brook 521,200 617,350 71-26-8.65 42-25-49.02
1 43 Chelmsford Nashua South Stony Brook 597,050 633,400 71-22-33.16 42-38-18.11
1 43a Chelmsford Nashua South Deep Brook 598,550 630,000 71-23-18.62 42-38-32.97
1 44 Tyngsboro Nashua South Mascuppic Lake Tributary 612,400 630,750 71-23-8.34 42-40-49.77
2 44a Tyngsboro Nashua South Merrimack River 610,850 621,350 71-25-14.20 42-40-34.57
1 45 Tyngsboro Nashua South Mascuppic Lake 613,350 631,950 71-22-52,26 42-40-59.14
STP 46 Newburyport Newburyport East Merrimack Sewer Outlet 660,000 771,400 70-51-40.69 42-48-33.81
1 46a Newburyport Newburyport East Merrimack River 662,650 768,500 70-52-19.33 42-49-0.19
D 47 Salisbury Newburyport East Salisbury Dump-Black Rock 672,850 779,000 70-49-57.39 42-50-40.16
1 48 Amesbury Newburyport West Powwow River 671,550 754,100 70-55-31.71 42-50~-29.11
1 49 Merrimac Newburyport West Cobbler Brook 665,800 738,350 70-59-3.57 42-49-33.31
STP 50 Paxton Paxton Sew Treatm Anna Maria 486,000 484,750 71-55-34.42 42-19~-53.51
2 50a Paxton Paxton Kettle Brook Res Trib 474,350 489,100 71-54-35.76 42-18-3.63
1 51 Pepperell Pepperell Nissitissit River 609,150 579,200 71-34-38.42 42-40-17,78
3 52 Pepperell Pepperell Reedy Meadow Brook 607,600 582,550 71-33-53.56 42-40-2.50
3 53 Leaminster Shirley Fall Broock 550,800 535,725 71-44-18.16 42-30-40.60
D 54 Leaminster Shirley No. Nashua River @ Dump 554,450 536,300 71-44-10.62 42-31-16.67
1 55a Lunenberg Shirley Hickory Hills Lake 585,250 545,300 71-42-11.42 42-36-21.14
3 55b Lunenberg Shirley Catacoonamug Br Swamp 579,600 536,650 71-44-6.87 42-35-25.11
3 56 Shirley Shirley Catacoonamug Brook 562,550 557,575 71-39-26.72 42-32-37.17
3 57 Shirley Shirley Catacoonamug Brook 561,750 562,750 71-38-17.58 42-32-29.35
STP 58 Shiriey Shirley Nashua River 556,250 562,700 71-38-18.13 42~-31-35.02
STP 59 Boylston Shrewsbury Pump Sta Mt Pleas c.c. 493,100 542,050 71-42-51.78 42-21-10.78
1 60 Northboro Shrewsbury Hop Brook 471,250 555,700 71-39-49.43 42-17-35.02
3 61 Shrewsbury Shrewsbury Rawson Hill Brook 480,500 544,900 71-42-13,42 42~19-6.37
3 6la Shrewsbury Shrewsbury Rawson Hill Brook 481,000 541,700 71-42-56,03 42-19-11.23
STP 62 Northboro Shrewsbury Assabet River 470,000 561,300 71-38-34.89 42-17-22.97
STP 63 Westboro Shrewsbury Assabet River 466,100 562,450 71-38-19.51 42-16-44.46
2 64 Sterling Sterling Waushacum Pond Trib 520,750 527,850 71-46-2.05 42-25-43.52
B 64a West Boylston Sterling Quinapaxet River Trib 507,350 516,600 71-48-31.41 42-23-30.77
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Massachusetts Coordinate Location and Graphical Location (Cont'd)

Stream or
Group _ Station Town Quadrangle Watershed Name Coordinate North Coordinate East Longitude latitude

2 65 Groveland South Groveland Johnson Brook 635,200 724,050 71-2-17.67 42-44-31.87
2 65a North Andover South Groveland Lake Cochewick Trib 619,350 713,000 71-4-46.79 42-41-55.86
2 65b North Andover South Groveland Lake Cochewick Trib 614,650 706,700 71-6-11.44 42-41-9.75

2 65¢c North Andover South Groveland Lake Cochewick Trib 617,200 709,800 71-5-29.77 42-41-34.79
3 66 Townsend Towmsend Squannacock River Trib 612,450 546,350 71-41-58.23 42-40-49.85
3 66a Townsend Townsend Squannacook River 611,550 539,600 71-43-28.56 42-40-40.79
D 66b Townsend Townsend Squannacook River Trib 612,450 540,450 71-43-17.21 42-40-49.70
2 67 Acton Westford Nagog Brook Trib 548,050 620,800 71-25-22.32 42-30-14.23
2 67a Acton Westford Nagog Pond 553,850 618,000 71-25-59.64 42-31-11.54
2 67b Acton Westford Nagog Brook Trib 557,700 618,550 71-25-52.32 42-30-50.30
2 67c Acton Westford Nagog Brook Trib 549,450 621,000 71-25-19.64 42-30-28.05
2 67d Acton Westford Nonset Brook Trib 556,750 619,550 71~25-38.91 42-31-40.18
2 67e Acton Westford Nonset Brook Trib 551,375 619,650 71-25-37.57 42-31-46.35
2 68 Acton Westford Nashoba Brook 548,700 623,200 71-24-50.27 42-30-20.62
2 69 Westford Westford Stony Brook 577,350 605,550 71-28-45.81 42-35-3.74

2 70 Westford Westford Boutwell Brook 580,400 608,950 71-28-0.35 42-35-33.86
3 71 Billerica Wilmington Webb Brook 562,000 670,250 71-14-21.60 42-32-31.06
3 72 Tewksbury Wilmington Shawsheen River Trib 583,700 683,800 71-11-19.55 42-36-4.97

3 72a Tewksbury Wilmington Shawsheen River Trib 582,200 684,850 71-11-5.59 42-35-50.11
3 73 Tewksbury Wilmington Strong Water Brook 581,750 681,700 71-11-47.72 42-35-45.78
2 74 Wilmington Wilmington Maple Meadow Brook 560,400 691,250 71-9-41.18 42-32-14.53
3 75 Wilmington Wilmington Lubber Brook 572,250 691,850 71-9-32,53 42-34-11.56
2 76 Holden Worcester North Chaffin Pond Trib 471,150 505,650 71-50-55.35 42-17-32.75
2 77 Holden Worcester North Poor Farm Brook 471,600 509,200 71-50-8.14 42-17-37.33
2 78 Shrewsbury Worcester North Lake Quinsigamond 464,500 531,000 71-45-17.80 42-16-27.94
2 79 West Boylston Worcester North Scarlett's Brook 485,000 524,450 71-46-45.82 42-19-50.25
2 79a West Boylston Worcester North Gates Brook 476,900 518,650 71-48-3.32 42~-18-30.04
2 7% West Boylston Worcester North Gates Brook 483,750 523,800 71-46-54.42 42-19-37.39
2 80 West Boylston Worcester North Scarlett's Brook Trip 485,950 523,450 71-46-59.18 42-19-59.60
2 81 Rowley Georgetown Ox Pasture Brook 627,350 767,250 70-52-39.55 42-43-11.62
1 82 Dracut Lowell Long Pond 617,250 635,325 71-22-6.99 42-41-37.61
2 83 Tyngsboro Nashua South Long Pond Trib 616,350 633,400 71-22-32.79 42-41-28.75
2 84 Southboro Marlboro Sudbury River Trib 463,700 594,600 71-31-11.83 42-16~11.17
1 85 Groveland South Groveland Johnson's Pond Trib 631,600 718,450 71-3-32.96 42-43-56.60
2 86 West Boylston Worcester North Gates Brook Trib 478,250 516,300 71-48-34.0 42-18~43.29
2 87 Holden Worcester North Chaffin Pond Trib 477,550 511,000 71-49-44.50 42-18-36.18
B 88 Holden Wachuset Mt Muschopauge Pond Brook 601,650 488,700 71-54-49.30 42-39-1.12

B 89 Rutland Wachusett Mt Muschopauge Brook 509,600 486,600 71-55-11.33 42-32-51.73
B 90 Princeton Sterling Governor Brook 522,500 504,500 71-51-13.49 - 42-25-59.97
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Massachusetts Coordinate Location and Graphical Location (Cont'd)

Stream or
Group  Station Town Quadrangle Watershed Name Coordinate North Coordinate East Longitude Latitude
B 91 Holden Wachusett Mt Quinapaxet Res 504,850 495,050 71-53-18.43 42-23-5,21
2 9la Holden Paxton Asnebumskit Brook 497,750 496,600 71-52-57.35 42-21-55.14
2 91b Holden Worcester North Tannery Brook 495,000 500,700 71-52-2.58 42-21-28.15
2 91c Holden Paxton Asnebumskit Brook 497,450 496,550 71-52-58.00 42-21-52.17
2 91d Holden Paxton Asnebumskit Brook 496,200 496,000 71-53-5.25 42-21-39.80
B 92 Sterling Sterling Scanlon Brook 518,100 516,750 71-48-29.93 42-25-16.97
B 93 Holden Sterling Trout Brook 504,350 508,800 71-50-15.19 42-23-0.84
B 94 Sterling Sterling Ball Brook - 523,350 514,100 71-49-5.52 42-26-8.74
B 95 Sterling Sterling Ganma Brook 533,900 512,275 71-49-30.30 42-27~52,89
B 96 Leaninster Fitchburg Haynes Res Outlet 553,275 519,100 71-48-0.24 42-31-4.53
B 97 Townsend Townsend Beta Brook 612,500 544,000 71-42-26.69 42-40-50.29
B 98 Northboro Shrewsbury Howard Brook 489,150 555,750 71-39-49.22 42-20~32.05
B 99 Boylston Clinton Wrack Meadow Brook 552,950 502,650 71-51-39.88 42-31-0.69
2 100 Holden Paxton Maple Spring Pond Brook 499,150 490,550 71-54-18.03 42-22-8.69
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Town and
Stream

W. Boylston

Alfa Brook
Holden

Maynard Brook
Rutland

Muschopauge
Princeton

Governor
whitney Street

Maynard Brook
Sterling

Scanlon Brook
Holden

Ball Brook
Sterling

Ball Brook
Sterling

Gamma Brook
Leominster

Haynes Brook
Townsend

Beta Brook
Northboro

Howard Brook
Boylston

Wrack Meadow |

Station

64A

88

89

90

91

92

93

94

95

96

97

98

99

Jan
Fecal

1/28

2/37

Feb Mar

Ror

WATER QUALITY OF STREAMS
FROM SPARCELY POPUIATED WATERSHEDS ( BASELINE DATA)

May

Coliform/Total Coliform

4/22 171
3/61

1/2 0/35

0/0 0/26

6/21 4/84

1/0 0/0

0/12  3/118

0/0 0/132

0/0 0/14

1/20

0/2

21/25

0/18

0/1
/6
2/2
0/0
7/9
0/0
13/1
0/0

0/0

60/39
22/86
18/24
76/330
9/35
2/111
9/34
2/9

18/24

TABLE 10

Feb

38

32

30

.15

.28

1974

Mar Apr

Turbidity
58 .60
23 22
.30 32
22 37
24 .60
- 45
40 40
40 37
.23 25
.25 -

May

Feb

<10

¢10

<10

<10
<10
-10

10
- 10

10

Mar Apr
Chloride
<10 <10
14 <12
<10 10
<10 <10
12 12

- <10
<10 <10
<10 <10
<10 1o

May

Feb

<1

<1

<1

<l

<1

N |

<1

Mar Apr
Nitrate
-3 2
‘1 A
-1 Nt
Ol <l
21 <1
- 2
21 71
<1 <1

May
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1974 Baseline Data {Cont“d)

Town and
Stream

W. Boylston

Alfa Brook
Holden

Maynard ook
Rutland

Muschopauge
Princeton

Governor
Whitney Street

Maynard Brook
Sterling

Scanlon Brook
Holden

Ball Brook
Sterling

Ball Brook
Sterling

Gamma Brook
Leominster

Haynes Brook
Townsend

Beta Brook
Northboro

Howard Brook
Boylston

Wrack Meadow

Feb

68

44

40

80

39

42

30

38

32

33

73

40

Mar

Apr

May

Specific Conductance

65

75

43

38

78

38

28

37

63

74

42

38

38

40

30

38

Feb

6.2

5.2

5.0

6.2

5.5

4.8

5.2

5.2

4.5

4.8

4.4

Mar

7.0

6.5

5.5

5.2

6.8

5.5

5.7

5.5

Apr

6.8

6.6

5.8

5.9

6.8

6.0

5.0

5.9

5.6

May

Feb

Mar

Apr
Lead

May

Total

Watershed Area
square mile

.88
.84
2.0
81
131
.90
6.70
44
62

74

75

1.40

19.56
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Merrimack River Basin. The effects of development o
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Table 11
Merrimack River Basin

Water Quality Data 1973-1974

Group I -~ Recreational Waters

] Total Coliform Fecal Coliform Chlorides
Station Water Source Aug Sept Nov Jan Mar Apr MaylAug Sept Nov Dec Jan Mar Apr MaylAug Sept Nov Jan Mar Apr May
la Phillips Brook 80O 316 110 10 410 47 65 54 55
i2 Sawmill Brook 500 200 290 10 10 15
l4a Sawmill Brook 260 24 470 47 4 0 7 7] -10 <1 <10 10
15a Sudbury River 900 110 125 42
16 Whitman River 2100 1300 58000 800| 220 26 360 ilgl ~10 <10 10 <10
l6a Whitman River 4
17 Round Meadow Pond 200 23060 23000 1000 63000 1300] 200 370 5100 70 430 380 .84 54 130 70 110
17a Round Meadow Pond Br 5500 520 47 2600 250 1010 116 17 60 110 39 37 43 43 30
17b Round M Pond Trib 17000 850000 8900 5200 300 54000 440 410} 33 22 26 15
i8 Fish Brock 900 - %00 710 700 170 104 25 17 19
19 Pentucket Pond Brook 10 40 21 0 10 2} 15 12 15
2la Merrimack River 76000 1,600000 4800 1900000 20 40
22 Winthrop Canal
24 Bolton Center Brook 400 27000 63000 2500 700 13800 3300{ 200 79 9900 190 730 130 650f <10 11 1 27 24 18 <10
w 25a Elizabeth Brook 54 0 400 300 390 40 44 25
<26 Assabet River Trib 6300 800 34
27 Assabet River 69000 4400 6400 1120 720 130 25 40 26
30 Spicket River 90000 7Q000 310000 200000] 800 18000 33900 710 23 43 22 80
30a Merrimack River 300 5400 130 1000 16 15
31 Spicket River 200 1100 26060 200 139 2700 23 30 35
32 Beaver Brook 16000 46000 14000 1000 0 160{ 560 1970 5100 1020 0 o 23 40 30 17 18 70
36 Chauncey Lake 700 90 11
36a Stream@ S end of Chauncey 8400 100 150 67 250 17 10 25 1 34 3 42 39 28 27 15
38 Fort Pond Brook 16 540 2000 6 34 230 27 37 32
39%a Assabet River 2700 540 33
40 Assabet River 550 6800 18000 1550 2300 11000 530 580 3000 147 530 1480 21 33 28 22 23 25
41 Second Div Brook 11200 120 12 32 23 24
43 Stony Brook 14000 820000 32000 160000f 1200 42300 2900 3500 36000 40 40 42 35
43a Deep Brook 9000 8400 4600 1400 68 410 430 360 42 45 50 40
44 Brook @Chicken Plant 600 590 42 54 420] 300 230 7 4 19 45 22 20 20 20
45 Mascuppic Lake 39000 27Q000 27000 100 3500 3000{1350 1120 1800 600 1000 14000 75 56 70 88 75
46a Merrimack River 1700 50 330 10 13200 75
48 Povwwaw River 12000 13000 15000 8400 5100 0} 500 1680 830 760 1800 o 100 2400 54 11 14 20
49 Cobbler Brook 58000 114000 11Q000 50Q000 330000 45000f 700 14800 17000 630000 130000 900 : 50 46 27 20
51 Nissitissit River 1000 45000 340 40 220 42| 158 5500 110 1 59 29 12 <10 11 <10 <10 <10




Table 11 (Cont.)

Total Coliform Fecal Coliform Chlorides

Station Water Source Aug  Sept. Nov Jan Mar Apr MaylAug Sept Nov Dec Jan Mar JApr May|Aug Sept Nov _Jan Mar Apr May
55a Hickory Hills Lake 14 14 0 15 16
60 Hop Brook 24000 16000 2400 260 110 390] 1lle 79 0 202 3 159 101 40 29 36 17 31 15
82 Iong Pond 2400 58 124 0 90 88
85 Johns. Pond Trib
30b North Canal 3300 3500 5000 370 430 800 <10 11 16
30c South Canal 670 6700 1200 69 2600 o 10 11
30d Merrimack River 3300 8400 530 6200 10 15
32b Tremont Canal 5500 6200 3900 200 700 250 11 <10 15
32¢c Merrimack Canal R 1300 1700 2000 100 260 70 12 <10 10
32d Merrimack River Canal] 590000 3000 15
32e Lower Locks Dam 1400 4000 1300 200 1600 140d 26 35 40

LS




Table 11 (Cont.)

8¢S

Phosphorous Specific Conductance Color
Station Water Source Aug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar Apr May | Aug Sept Nov Jan  Mar Apr May
la Phillips Brook .01 .03 .02 263 247 226 3 0 0

14 Sawmill Brook .03 2.75 <.01 70 62 115 8 20
l4a Sawmill Brook <.01 .08 .02 56 52 53 52 12 7 3 3
15a Sudbury River 248 26
16 Whitman River .03 05 .02 81 35 106 40 50+ 35 15 3
16a Whitman River
17 Round Meadow Pond .02 .03 .0111080 1195 280 500 316 436 13 13 28 2 10 3
17a Round M Pond Brook .05 <.01 .03 .04 200 198 181 131 150 25 40 13 15 25
17b Round M Pond Trib <.01 .01 .04 .04 154 110 122 90 50 30 40 50
18 Fish Brook .01 <.01 .05 164 160 155 50+ 38 >50
19 Pentucket Pond Brook | .01 «<.01 .06 116 127 146 48 40 32
2la Merrimack River A1 145 374 12 45
22 Winthrop Canal
24 Bolton Center Brook .03 .23 .11 .05 .04 <.01} 106 142 140 198 147 146 65 13 25 5 3 3 0 3
25a Elizabeth Brook 1680 333 284 280 15 >50 8 >50
26 Assabet River Trib .35 208
27 Assabet River .41 202 290 212 >50 38 30
30 Spicket River .19 .39 .20 180 252 175 432 5
30a Merrimack River .08 150 75 7
30b North Canal 66 238 73 13 10 5
30c South Canal .05 .02 65 73 13
30d Merrimack River .06 .05 68 94 12 27
31 Spicket River .29 .29 .13 147 185 218
32 Beaver Brook .03 .05 .06 .07 .19 2.1] 170 230 210 102 252 374 28 32 3 3
32b Tremont Canal .09 .02 .01 74 67 70 8 13 3
32c Merrimack Canal .36 .05 .2 76 64 66 13 13 10
32d Merrimack River Canal .06 94 5
32e Lower Locks Dam .06 .07 .07 142 188 192 ) 17 13 13
36 Chauncey Lake .10 192 >50
36a Stream@ end Chauncey .03 .03 .02 .08 .02 305 260 195 165 157 26 20 13 13 13
38 Fort Pond Brook .04 .01 .02 210 244 198 50 55 >50
39%a Assabet River .62 242 22
40 Assabet River .39 .29 .38 15 .11 192 247 220 136 140 146 50 30 13 13 15
41 Second Div Brook <.01 <,01 192 170 35 42
43 Stony Brook .02 .42 .10 .02 252 264 283 174 42 28 13
43a Deep Brook .05 .01 ~.01 .01 1234 220 234 1M1 50 27 17 30
44 Brook @ Chicken Plant .08 .02 .02 .02 210 150 110 111 107 >50 30 13 23 10




Table 11 (Cont.)

Phosphorous Specific Conductance Color

Station Water Source Aug Sept Nov Jan Mar Apr May|Bug Sept Nov Jan Mar Apr May | Aug Sept Nov Jan Mar Apr May
45 Mascuppic Lake .02 .11 <., 01 .04 .1 |283 283 290 413 346 13 8 12 7 2
46a Merrimack River 38310 322 3 12
48 Powwow River .09 .10 .09 .08 .04 .02]485 7665 350 75 87 101 12 13 35
49 Cobbler Brook .23 1.17 .37 .69 350 276 166 146 >50 22 3 3
51 Nissitissit River <.01 <.01 ~.01 .01 .02 .01 84 120 136 55 66 46 13 13 13
55a Hickory Hills Lake .04 .03 105 114 3 4
60 Hop Brook .03 .02 .33 .09 <.01 .02}179 190 185 123 177 140 56 47 13 14 25
82 Long Pond .01 .02 405 407 7 12
85 Johnson Pond Trib

65




Taple 11 (Cont.)

09

pH Nitrates

Station Water Source Aug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar Apr May
la Phillips Brook 6.3 6.7 7.6 4 2 2
14 Sawmill Brook 6.5 6.4 <1 <1 1
1l4a Sawmill Brook 6.4 6.2 6.4 6.6 <1 <1 2 <1
15a Sudbury River 6.7 1
16 Whitman River 6.2 5.6 6.2 5.4 1 <1 2 <1
16a Whitman River
17 Round Meadow Pond 7.1 6.8 6.4 6.6 6.5 6.6 6 8 2 3 1 2
17a Round M Pond Brook 6.4 6.2 6.3 6.1 6.1 1 1 1 1 <1
17b Round M Pond Trib 6.2 6.4 6.0 5.9 1 1 1
18 Fish Broock 7.1 7.0 6.6 1 <1l <1
19 Pentucket Pond Brook | 7.0 6.8 7.0 <1l <1l <1
2la Merrimack River 6.5 6.4 2 8
22 Winthrop Canal
24 Bolton Center Brook 6.8 6.3 6.5 6.4 6.6 6.6 6.6 1 3 3 10 5 4 <1
25a Elizabeth Brook 6.8 6.6 6.3 6.6 1 9 3 2
26 Assabet River Trib 3
27 Assabet River 6.8 6.6 6.5 2 5 3
30 Spicket River 7.0 3 5 3 5
30a Merrimack River 6.3 2 2
30b North Canal 6.5 6.5 6.4 1 1 <1
30¢c South Canal 6.0 1 2
30d Merrimack River 6.3 7.1 1 2
31 Spicket River 1 2 3
32 Beaver Brook 6.6 6.3 7.6 7.0 1 1 2 1 3 2
32b Tremont Canal 6.2 7.0 6.3 1 1 1
32c Merrimack Canal 6.3 6.5 6.2 1 1 1
32d Merrimack R Canal 6.6 2
32e Lower Locks Dam 6.6 6.8 6.9 2 3 1
36 Chauncey Lake 6.9 <1
36a Stream@S end of Chaundey 6.7 6.8 7.0 7.0 7.1 <1 2 4 1 <1
38 Fort Pond Brook 6.8 6.6 6.4 2 2 1
39%a Assabet River 6.8 5
40 Assabet River 7.0 6.6 6.3 6.7 6.6 3 3 4 2 2 2
41 Second Div Brook 6.8 6.8 1 2
43 Stony Brook 6.8 6.5 6.8 1 2 3 1
43a Deep Brook 6.6 6.4 7.2 6.8 <1 1 <1 <1
44 Brook@Chicken Plant 6.4 6.5 6.6 6.8 7.2 <1 <l 1 1 <1
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Table 11 (Cont.)

pH Nitrates

Station Water Source Aug Sept Nov Jan Mar Apr MayjAug Sept Nov Jan Mar Apr
45 Mascuppic Lake 7.6 6.2 6.8 6.8 7.0 <1 2 1 <1
46a Merrimack River 7.4 6.5 1 2
48 Powwow River 6.2 7.0 6.8 3 2 2 1 1
49 Cobbler Brook 6.8 5.0 7.7 6.8 2 6 8
51 Nissitissit River 6.5 7.2 9.3| <1 <1 2 1 <1
55a Hickory Hills Lane 6.3 6.2 <1 <1
60 Hop Brook 6.2 5.6 6.8 6.8 6.8 2 2 <1 3 2
82 Long Pond 6.5 9 <1l

85 Johnson Pond Trib

19




Group 2 - Public Water Supply Streams

Water Quality Data 1973-1974

Table 12
Merrimack River Basin

29

Total Coliform Fecal Coliform Chlorides
Station Water Source Aug Sept Nov Jan Mar RApr MaylAug Sept Nov Dec Jan Mar 2Apr MayjAug Sept Nov Jan Mar ’or Mav

2 Forbes 0 0 0 40 120 0 0 0 0 1 0 0| 215 32 <10

11 River Meadow Brook [2500 7000 60 3100 750 340 11] 100 630 2 150 42 107 0l 45 52 60 140 35 37 40
1lla Black Brook 1800 90 3600 200 200 200 6 42 13 71 125 96 97 118 110
11b River Meadow Brook 770 590 530 3200 160 12 103 400 42 36 45
1llc River Meadow Brook 103 340 190 3900 54 23 40 14 32 24 26 30
11d Putnam Brook 350 9100 400 3400 46 89 240 150 34 35 34 40
1lle Farley Brook 100 130 350 210 19 6 44 110 47 37 35 35
11f Beaver Brook 450 1230 220 3100 66 18 138 120 56 110 104 110
1lg Pond Brook 34 1200 60 0 1 40 44 55 45
1ih Beaver Brook 360 1600 2300 0 17 220 44 42 35
23 Crystal Spring Brook | 480 34 23 4 20 20

28 Fish Brook 3700 430 60

33 Black Brook 200 430000 200 10 11400 3 160 <10 180

34 Black Brook 7000 1100000 400 66 200 1700f 560 15100 2 4 30 72} 175 290 215 20 110 13%
37 Tailor Brook 4500 3400 1600 200 510 340 19 40 60 50
44a Merrimack River 8100 3700 2%00p 660 2300 330 11 <12 <10
50a Kettle Br Res Trib 81 113 36 13 1 60 <10 <10 <iv
64 Waushacum Pond Trib 3600 70 18 105 6 560 42 4 4 5 33 70 40 70 51 50 47 30 35
65 Johnson Brook 510 11 2 11
65a Lake Cochichewick Tr.| 430 72 59 2700 2 100 4 34 420 11 30 30
65b Lake Cochichewick Tr. 1700 24 180 130 17 240 23 50 4 18 32 23 20
65¢C Lake Cochichewick Tr. 11 17 4700 12 1 8 1200 11 20 15
67 Nagog Brook Trib 2200 10100 3000 380 2200 3700 204 1550 200 20 3 23 750} 36 45 23 27 28 20
67a Nagog Pond Trib 610 14 100 120 34 0 1 15 <10 24 18 i5
67b Nagog Brook Trib 3000 880 2300 890 1 40 3 750 660 34 11 1 15
67c Nagog Brook Trib 790 490 370 1300 1 17 4 23 500 22 19 27 20
67d Nonset Brook Trib 460 8 1500 20 0 1 160 2 <10 25
67e Nonset Brook Trib 0 830 1500 0 9 930 21 <10 <19 15
68 Nashoba Brook 500 3200 6300 40 270 4508 75 83 114 10 2% 150 27 29 23 22 25 15
69 Stony Brook 720 55 0 260 330 19 0 5 31 29 30 30
70 Boutwell Brook 1800 37000 3000 670 14000 390 17 1850 360 180 14200 240 27 30 "2 34 38 28
74 Maple Meadow Brook 150 300 27 0 48 38
76 Chaffin Pond Trib 750 820 42 49 132 0 54 0 1 1 0 0 <10 40 42 32 <10 <10
77 Poor Farm Brook 450 1030 41 40 117 2 93 46 3 2 0 0 <10 11 12 <10 <10 <10
78 Lake Quinsigamond 3900 7400 157 200 30 34 37
79 Scarlett's Brook 7500 240 160 80 74 15 274 54 16 33 22 5 37 15{ 85 85 78 64 60 64 40
79a Gates Brook 1240 35 33




Table 12 (Cont.}

Group #2 Total Coliform Fecal Coliform Chlorides

Station Water Source Bug Sept Nov Jan Mar Apr May|Aug Sept Nov Dec Jan Mar Apr May|Aug Sept Nov Jan Mar Apr May
79b Gates Brook 190 97 45 59 24 11 45 63 72 64 115 45
80 Scarlett's Brook Trib| 630 400 95 23 70 48
83 Long Pond Trib 260 2 50
86 Gates Brook Trib 300 20 45 57 54 37 33 40 39 35
87 Chaffin Pond Trib 25000 1600 230 360 141 300 1300 250 18 16 18 15
9la Asnebumskit Brook 470 780 460 200 1500 250 39 20
91b Tannery Brook Trib 340 200 830 46 470 330 <10 <10

100 Quinapaxet Trib 120 11 15
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Table 12

(Cont.)

Nitrates Phosphorous Specific Conductance

Station Water Source ABug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar Apr Aug Sept Nov Jan Mar Apr May
2 Forbes 25 2 2 861 200 108 189 218
11 River Meadow Brook 3 2 60 13 3 3 2| .03 .04 276 273 782 750 180 490 450
lla Black Brook 3 9 7 3 <1 550 470 441 187 208
11b River Meadow Brook 4 2 3 245 147 160
1lc River Meadow Brook 3 2 2 2 197 137 220 230
11d Putnam Brook 6 5 3 4 268 222 223 230
1lle Farley Brook 8 5 4 5 323 230 470 480
11f Beaver Broock 6 8 7 6 318 478 290 214
1lg Pond Brook 2 14 2 .1 200 214 174
1ih Beaver Brook 8 6 6 224
23 Crystal Spring Brook 2 1 <,01 133 165
28 Fish Brook <1 <, 01 325
33 Black Brook 1 2 1 .03 .45 .01 784 70 1325
34 Black Brook 1 <1 2 6 3 2] .02 .46 .01 .08 1378 1768 1430 402 454 520
37 Tailor Brook 1 1 2 366 383 410
44a Merrimack River 1 <1 <1 67 50 53
50a Kettle Br Res Trib 4 2 1 124 78 76

< 64 Waushacum Pond Trib 4 4 3 9 7 3 3 370 252 310 306 270 179 303
65 Johnson Brook <1 .01 153
65a Lake Cochichewick Tr. 2 3 2 .03 <.01 208 163 164
65b Lake Cochichewick Tr. <1 4 3 1 .02 .06 <.01 155 196 153 119
65¢C Lake Cochichewick Tr. 2 4 1 A1 .02 88 84 81
67 Nagog Brook Trib 7 7 2 2 3 2 300 367 180 152 167 115
67a Nagog Pond Trib <1 <1 <1 <1 408 122 102 100
67b Nagog Brook Trib 7 <1 <1 1 328 68 73 100
67c Nagog Brook Trib 2 2 3 2 180 121 164 113
674 Nonset Brook Trib <1 2 60 137
67e Nonset Brook Trib 13 <1 <1 1 195 32 59 95
68 Nashoba Brock 2 3 1 1 1 <1 .03 <.01 180 196 165 122 140 105
69 Stony Brook 1 1 1 1 220 169 182 167
70 Boutwell Brook <1l <1 2 3 1 1| .02 .03 201 180 180 170
74 Maple Meadow Brook 2 <1 305 178
76 Chaffin Pond Trib <1 8 15 20 <1 <1l 279 273 274 258 30
77 Poor Farm Brook <1 2 <1 1 1 <1 9660 72 82 62 55
78 Lake Quinsigamond 1 1 1 <.01 <.01 208 216 232
79 Scarlett's Brook 9 10 8 13 10 10 7i<.01 425 465 410 382 322
79a Gates Brook 15 255




Table 12 (Cont.)

Nitrates

Phosphorous

Specific Conductance

Station Water Source Aug Sept Nov Jan Mar Apr May|] Aug Sept Nov  Jan Mar Apr May| BAug Jan Mar Apr May

7% Gates Brook 14 12 8 8 415 355

80 Scarlett's Brook Trib 9 20 <.01 412 428

83 Long Pond Trib 4 282

86 Gates Brook Trib 32 25 8 30 335 294

87 Chaffin Pond Trib 4 2 2 1 124 92

91a Asnebumskit Brook 2 1

91b Tannery Brook Trib 8 7

100 Quinapaxet Trib 1

S9




Table 12 (Cont.)
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pH Color Turbidity
Station Aug Sept Nov Jan Mar Apr May | Aug Sept Nov Jan Mar Apr May i Aug Sept Nov Jan Maxr Apr May
2 6.8 6.6 6.4 3 3 2 .12 .80 .42

11 6.9 3.0 6.6 6.6 6.5 7.0 50 12 12 45 50 50 2.0 1.0 .4 .5
1la 6.6 6.2 6.6 6.6 6.8 30 50 27 35 30 2.4 1.8 23 2 1.6
11b 6.3 6.6 6.8 45 52 50 .62 .35 .95
1lc 6.3 6.6 6.6 6.8 >50 50 50 750 .80 1.2 .4 1.8
114 6.6 6.9 6.8 7.1 30 37 50 50 5.5 1.7 .7 .55
1le 6.4 7.0 6.8 7.0 15 27 47 35 3.0 2.7 .9 .45
11f 6.7 6.9 6.9 7.0 45 12 13 10 .68 2.8 .6 .7
1lg 6.4 6.4 >50 30 .77 1.6
11h 6.8 6.6 6.5 13 7 30 .72 .6 1.0
23 6.9 6.9 13 13 .45
28 7.0 5
33
34 6.8 7.0 27 1.6
37 7.0 6.8 7.0 >50 55 30 6.0 7.0 5.5
44a 6.1 6.2 6.3 7 7 13
50a 6.0 6.6 6.2 . ?50 45 >50 .55 .88 1.2
64 7.2 7.2 7.1 6.7 7.5 6.8 7.0} 13 13 24 3 9 27 3} .55 2.2 .9 .95 .9 .3 2.5
65
65a 6.8 17 .9
65b 6.9 3
65¢c 6.6 6.6 22 40 1.3
67 7.2 7.2 6.8 6.9 6.4 6.6] 50 48 >50 50 >50 750 1.2 1.8 2.4 6.8 .6 3.5
67a 6.9 6.6 6.4 6.4 13 4 3 0 9.5 1.5 1.3 2.8
67b 6.6 6.2 6.2 6.6 13 250 >50 >50 1.0 19 1.4 2.2
67¢c 6.6 6.8 6.4 6.6 250 >50 >50 >50 1.0 8.5 .8 3.7
67d 6.5 7.0 >50 0 1.3 100
67e 6.6 5.3 6.6 6.8 50 0 37 3 1.8 .4 7 45
68 6.8 6.6 6.6 6.4 6.8 6.7| 50 40 45 50 50 50 .53 1.5
69 7.2 6.8 6.7 7.0 12 22 30 12 2.5 .7 .8 1.0
70 7.2 6.4 6.4 6.4 6.4 6.6 33 40 35 17 30 35 4.8 1.2 .8 5.0
74 7.0 5.0 20 >50 1.0 4.2
76 5.3 7.0 6.6 6.4 5.2 5.0 250 >50 10 8 5 10 .9 6.4 1.8 2.0 .3 .5
77 5.4 6.4 6.0 5.7 6.4 6.0 25 >50 22 17 28 .8 1.0 .5 .36 .5 .6
78 6.8 7.0 10 6 .45
79 7.2 7.4 7.2 7.4 7.2 7.3 2 10 4 3 7 20 .25 .34 .60 .5 .4 .8
7%a 6.7 3 .50




Table 12 (Cont.)

pH Color Turbidi
Station Aug Sept Nov Jan Mar Apr Mayi Aug Sept Nov Jan Mar Apr May} Aug Sept Nov Jan . Mar Apr May
79 6.7 6.7 7.0 7.4 13 13 12 15 .55 .9 .5 1
80 6.7 2 .5
83 6.9 10 © .47
86 6.8 7.0 7.0 7.2 3 3 0 3 1.8: .65 .25 .6
87 5.8 7.4 6.4 15 20 13 .4 .7 .6
9la 2.7 8.6 2 3 1.5 1.2
91b 5.5 5.2 50 > 50 .6 .45
100 7.1 0 3
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Table 12 (Cont.)
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Chramium Silver Copper
Station Aug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar Apr May
2 0 0 0 0 0 0 1.3 .39 .30
11 0 0 0 0 0 0 0 0 .068 .013 .024 .014
11 0 0 .012 0 0 0 0 0 .008 0 .077 .024
11b 0 : 0 0 0 0 .009
1llc 0 0 0 0 0 0 0 .004 .009
11d 0 .02 0 0 0 0 0 .009 .009
1lle 0 o 0 0 0 0 0 .009 .004
11£ 0 0 0 0 0 0 0 .019 .014
11g 0 0 0 0 0 .009 .014
11h 0 0 0 0 .014 .014 .02
23 0 0 .007
28
33
34 0 0 .024
37 0 0 (] 0 0 0 .013 .004 .22
44a
50a 0 0 0 0 0 0 .013 .014 .014
64 0 0 0 ] 0 0 0 0 0 0 0 0 0 0| .054 .021 .009 .08 0 .009 .014
65
65a
65b
65¢c
67 0 0 0 0 0 0 0 0 0 0 o] 0| .027 .025 .044 .022 0 .02
67a .02 0 0 0 0 0 0 0 .026 0 .014 .022
67b 0 .009 0 0 0 .003 0 0 .067 .014 .009 .03
67¢c 0 0 0 0 0 0 0 0 .008 .009 .009 .022
67d 0 0 0 .034 0 .022
67e 0 0 0 0 0 0 0 0 .022 .004 .009 .01
68 0 0 0 0 0 0 .18 .009 .014
69 0 .003 0 0 0 0 0 0 .15 0 .004 .014
70 0 0 .009 0 0 0 0 0 .08 .009 .014 .01
74 0 o] 0 0 Y .10 0
76 0 0 0 o] 0 0 0 0 0 0] 4] 0 .020 .026 0 .008 - .014 .009
77 0 0 0 0 0 0 0 0 0 0 0 .027 .008 .053 .003 - .014 .009
78 0 0 .021
79 0 .02 0 0 0 0 0 0 0 0 0 0 .012 0 0 .009 .009 0
79a 0 0 0




Table 12 {(Cont.)

Chraomium Silver ]

Station Aug Sept Nov Jan Mar Apr May Sept Nov Jan Mar Apr May Sept Jan Mar Apr May
79b 0 0 0 0 0 0 0 0 0 .014 .009 O
80 0 0 0
83 0 0 .009
86 0 0 0 0 0 0 0 0 0 .009 .009 .01
87 0 0 0 0 0 0 0 0 .02
9la 0 .0l 0 0 12.3 14
91b 0 0 0 0 .009 .014

100 0 0 .01

69




Table 12 (Cont.)
Manganese Lead Iron .

Station Aug  Sept Nov  Jan _Mar Apr May| Aug  Sept Nov  Jan  Mar  Apr  May|Aug Sept Nov  Jan  Mar Apr  May
2 .03 .009 .012 0 0 0 .21 .45 .20
11 .24 .49 .036  .047 ’ 0 0 0 0 .57 1.1 .31 .33
1lla .11 .07 .35 .063 .068 0 .083 0 .9 1.25 6.2 .55
11b .061 .055 0 0 .30 .37
lic .040 .025 .047 1 0 .021 0 .31 .26 .40
11d 11 .067 .059 0 .021 0 1.1 .445 .68
1le .37 .20 .17 0 .011 0 1.7 .63 .68
11f 11 071 .059 0 0 0 .29 .64 .50
1l1g .025 .03 .021 0 .20 .3
1inh .10 .083 .1 .021 .042 O .16 .31 .4
23 .081 4} .56
28
33
34 .067 .021 .42
37 .30 .18 .27 0 0 0 3.8 3.2 2.5

S 44a :
50a .029 .015 .018 0 0 0 .25 .16 .35
64 .010 .021 .12 079  .039 .032 .15 | O 0 0 0 0 0 0 .063 .63 .59 .41 .034 .20 .17
65 .
65a
65b
65¢c
67 .54 .86 .46 .24 .4 .28 1 0 0 2020 .021 .021 O 1.0 .71 1.1 .69 .69 0
67a .037 .0l6 .011 .03 .044 0 0 0 1.1 .10 .095 2
67b .54 .029 055 .14 0 .021 0 0 .61 1.5 .82 1]
67c .46 .11 47 .24 0 0 0 0 .84 .51 .95 1.4
67d .006 .7 0 .065 .17 ‘17.5
67e 10.5 .018 .31 .4 0 0 0 0 2.9 .042 1.9 6.1
68 .06 .015 .084 .044 0 0 .45 .15 .6
69 .034 .043 ,043 .06 0 0 0 0 .26 .23 .2 .2
70 .050 .036 .11 .06 0 0 0 0 .48 .30 .69 1
74 .034 .17 0 .067 .49 1.2
76 .082 .67 .40 .23 .051 .051 0 4] o] 0 0 0 .94 5.2 2.5 1.3 .04 .21
77 .07 .52 .033 .025 .018 .015 0 0 0 0 0 0 .81 .37 .22 .065 .049 .088
78 .012 0 .052
79 .026 063 .11 .083 .08 .08 Q .044 1] (] 4] 0 077 .18 .21 .21 .28 .3
79a .70 0 +21




Table 12 (Cont.)

Manganese Lead Iron
Station Aug Sept. Nov Jan Mar Apr May | Aug Sept Nov Jan Mar Apr May | Aug Sept Nov Jan Mar Apr May
79 .09  .055 .055 .056 0 0 031 0 .22 .18 .25 .5
80 .074 0 .13
83 .22 0 .089
86 .21 .20 .19 .2 0 0 0 0 .49 .37 .25 .4
87 .029 .018 .014 0 0 0 .11 .075 .26
91a .032 .025 1.2 1.2 11 .18
91b A2 .12 0 0 .049 .5
100 .3 0 .3
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Cobalt Cadmium 2inc

Station | Aug = Sept  Nov Jan  Mar Apr May | Aug Sept Nov Jan Mar Apr May| Aug  Sept Nov Jan Mar Apr May
2 0 0 0 0 0 0 .20 .052 .045

i1 0 0 0 0 0 0 0 0 1.6 .18 .15 .03

1lla 0 0 0 0 0 0 0 0 .078 6.5 .13 .007

1L o 0 0 0 -095 .018

llc 0 0 0 0 0 0 .12 .079 .05

114 0 0- 0 0 0 0 .045 .05 .12

lle 0 0 0 0 0 0 .058 .075 .075

11£ 0 0 0 0 0 0 .069 .078 .03

11g 0 0 .003 0 .099 .07
1lh 0 0 0 0 0 0 .035 .02 .013
23 0 0 .019

28

33

34 0 0 .044

37 0 0 0 0 0 0 .031 .04 .034
N 44a

50a 0 0 0 0 0 0 .082 - .013 .016

64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .024  .039 .038 .057 .013 .016 .06
65

65a

65b

65C

67 0 0 0 0 0 0 0 0 0 0 0 0 .032  .029 .042 .009 .13 .07
67a 0 0 0 0 0 0 0 0 .057 .057 .062 .06
67b 0 0 0 0 0 0 0 0 .021 007  .072 .02
67c 0 0 0 0 0 0 0 0 .022 .011  .038 .01
67d 0 .02 0 0 .011 .045
6le 0 0 0 0 0 0 0 0 0 .016 .011 .02
68 0 0 0 0 0 0 .06 .14 .023
69 0 0 0 0 0 0 0 0 .078 .069 .011 .006
70 0 0 0 0 0 0 0 0 .078 .13 .12 .13
74 0 0 0 0 .14 .16

76 0 0 0 G 0 0 0 0 0 0 0 [t 025 .12 .018 .0%4 .025 .072

77 0 0 .003 0 0 0 0 0 .002 0 0 0 .024 .016 .021  .075 .023 .016

78 0 0 -040

79 0 0 0 0 0 0 0 0 0 0 0 0 .047 .015 .025 .016 .023 .01
7% 0 0 .058




Taple 12 (Cont.)

Cobalt Cadmium Zinc

Station Aug Sept Nov Jan Mar Apr May ! Aug Sept Jan Mar Apr May| Aug Sept Nov Jan Mar Apr May
79 0 0 0 0 0 0 0 0 .065 .013 .13 .13
80 0 0 .013
83 0 0 .059
86 0 0 0 0 0 0 0 0 .58 .020 .018 .01
87 0 0 0 0 0 .082 .020 .1
91a 0 0 0 0 .094 .07
91b 0 0 0 0 .028 .08

100 0 0 .013
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Table 12 (Cont.)

Station Aug Sept

Nov

Nickel
Jan

Mar

Apr May
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Table 12 (Cont.)

Nickel
Station Aug Sept Nov Jan Mar Apr May

79b 0 0 0 0
80 0
83 0
86 0 0 0 0
87 0 0 0
9la 0 0
91b 0 0

100 0

YA




Water Quality Data 1973-1974

Table 13
Merrimack River Basin

Group 3 — Other Feeder Streams

Total Coliform Fecal Coliforms Chlorides
Station Water Source Aug Sept Nov Jan Mar Apr May|Aug Sept Nov Dec Jan Mar Apr Mayl]Aug Sept Nov Jan Mar 2pr May
4 Nonacoicus Brook 4200 260 400 37 : 80 20 16 6 36 36 34 <10
5 James Brook 500 1500 16000 10 40 4000 320 200 170 14 3 1 170 450{ 40 50 42 100 90 50 35
6 Wrangling Brook 700 430 620 10 200 12 41 4 10 <10 11 48
7 Bare Meadow Brook 7000 9300 300 700 60 126
7a Crystal Lake Trib
8 Webb Brook 300 31,000 3900 2600 1600{ 300 380 150 33 - 130F 44 69 52 96 65
10a Concord River 280 39 38
10b Concord River 1900 1600 130 300 31 32
12 S Lancaster Brook 10(}00(1410,00(1270,0004140000&14000& 10900 1800 12500 47000 300D 10 22 <10 10 <10
13 Wekepeke Brook 130 16 28 1 12 10
13a Sudbury River 350 47 38
13b Concord River 1100 370 34
20 East Meadow River 200 900 2500 250 120 160| 62 74 56 33 44 33 21 18 82 26 24 25
21 Johnson Brook 200 1300 2000 27 270 21 270 349 5 29 25 25 24 16 15 20
~ 29 Shawsheen River 1000 2700 2600 10 Ss00 710 48 40 50
® 3la  Harris Brook 10 22
52 Reedy Meadow Brook 1000 75000 520 310 850 190 17 4600 70 31 260 79 15 14 11 <10 15 15
53 Fall Brook . 19000 340 470 220 32 29 27 37 38
55b Catacoonarmug Brook 3300 660 44
56 Catacoonamug Brook 200 160 120 31 200 1lo0¢ 17 11 10 1 40 35 17 19 19 19 18 20
57 Catacoonamug Brook 13000 230 500 21 570 130] 200 10 22 4 65 89 21 24 19 20 20 20
61 Rawson Hill Brook 1600 7000 170 90 88 87| 200 410 36 0 9 3 40 32 23 19 25 10
6la Rawson Hill Brook 430 65 590 2 2 5 19 26 15
66 Squanacock R Trib 440 16 <10
66a Squanacook River 200 <10
71 Webb Brook 1100 5500 3100 270 82 31 370] 100 490 260 54 7 21 110 70 60 52 : 68 70 706 . 60
72 Shawsheen R Trib 3000 2000 4000 160 28 33 370} 88 100 800 24 7 22 240 75 65 42 76 32 38 20
72a Shawsheen R Trib 8000 20 53 30 17 2200 1 13 12 48 32 34 30 20
73 Strong Water Brook 500 2000 42000 60 100 310 2400 16 40 35 .32 4
75 Lubber Brook 430 540 65 6 34




- P L =
Table 13 (Cont.)
Nitrates Phosphorous Specific Conductance
Station Water Source Aug Sept Nov Jan Mar Apr May| Aug Sept Nov Jan Mar BApr May| Aug Sept Nov Jan Mar Apr May

4 Nonacoicus Brook <1 <1 <1 1 .02 .04 <.01 .03 210 255 235 165

5 James Brook < 1 <l 1 5 15 12 1 .37 .07 .03 .04 .01 .17 .03 371 395 328 358 451 278 211
6 Wrangling Brook <1l 1 1 2 .03 .04 <.01 .03 147 145 133 155

7 Bare Meadow Brock 2 3 .01 .07 270 285

7a Crystal Lake Trib

8 Webb Brook 2 2 3 9 4 .01 .02 100 .22 .03] 357 433 348 488 355
10a Concord River 3 .13 255

10b Concord River 3 3 .17 .09 232 205
12 S Lancaster Brook 4 6 4 3 3 .36 .17 .22 .11 .23 183 155 124 121 121
13 Wekepeke Brook 3 2 <.01 140 108

13a Sudbury River 2 .10 258
13b Concord River 4 .15 250
20 East Meadow River 1 1 1 2 <1 1 .01 <01 «<.01 .06 .03 .02} 177 179 455 156 125 144
21 Johnson Brook 2 2 3 2 2 1 .02 <.01 .01 .04 <.01 .01} 215 215 222 135 119 130
29 Shawsheen River 2 <1 4 .10 .05 .03 276 260 285

3 3la Harris Brook <1 .02 150

52 Reedy Meadow Brook <1 1 2 <1 1 1 <01 .06 <.01 .01 .02 .07} 131 140 136 94 90 82
53 Fall Brook 2 1 2 .11 .03 .01 208 230 225
55b Catacoonamug Brook 1 .13 270
56 Catacoonamug Brook <1 <1 <1 <1 1 <1l .01 .02 <.01 .01 <.01 .,01| 125 145 142 126 116 120
57 Catacoonamug Brook 1 1 3 1 2 1 .03 .02 .03 .01 .02 .01} 137 166 157 120 132 123
61 Rawson Hill Brook 1 2 2 3 2 <1 .05 .01 .02 .01 .02 .02} 173 200 158 120 118 105
6la Rawson Hill Brook <1 1 <1 .02 <01 .03 105 119 98
66 Squanacook River Trib <1 <.01 54
71 Webb Brook 2 3 2 7 7 5 4 .18 .06 .02 .03 .02 362 368 300 406 376 349 338
72 Shawsheen River Trib <1 <1 2 7 3 2 <1l .08 .02 .06 .03] 424 393 245 356 184 205 170
72a Shawsheen River Trib 3 6 3 <1 .08 .06 .04 .13 320 265 173 171
73 Strong Water Brook 11 6 5 8 .06 .11 276 236 225 258
75 Lubber Brook 5 .04 215
66a  Squanacook River 1 .03 60




For raw water used as a public water supply after complete con-
ventional treatment the criteria is: (35)

fecal coliform not to exceed 2,000 per 100 ml;
total colifprm not to exceed 10,000 per 100 ml.

Conventional treatment is defined as: coagulation, sedimentation, rapid
granular filtration, and disinfection.

Only station 2 meets the raw water criteria for use as a public
water supply after disinfection. Sampling stations that do not meet
water supply criteria for use as a raw water supply after conventional
treatment are: stations 33, 34, 70, and 87. These stations exceed the
10,000 counts/ 100 ml limit on total coliform. All the remaining Group
2 stations (water supply) would need complete conventional -treatment
before they were used as a water supply, based on bacteriological
considerations.

The proposed EPA chemical water quality criteria for raw water
used as a public water supply is: (35)

Chlorides 250 mg/1
Nitrates N 10 mg/1
pH . 5.0 - 9.0
Color 75 units (Co-Pt)
Chromium 0.05
Silver 0.05
Copper 1.0
Manganese 0.05

Lead 0.05

Iron 0.3
Cadmium 0.01

Zinc 5.0

Stations 1lla, 1llc, 37, 50a, 67, 67b, 67c, 67d, 74, 76, 77 all
have color levels greater than 50 units. Stations 11, 1la, 11d, 1lle,
11f, 34, 37, 64, 67, 67b, 67c, 672 AR, 74, 76, 77, 86, and 42 violate
both iron and namganese limits. Stations 2, 67a, and 70 violate iron
limits only while stations 11b, 23, 79, 79b, 80, and 83 violate man-
ganese limits only.

Approximately 75% of the current surface water supplies in the
Merrimack River Basin employ chlorination as the only method of treat-
ment. The Departmenl of Tublic Health requircs all new surface supplies
to include complete conventional treatment.

The group 3 feeder streems had two stations which have high
coliform counts and could present a public health hazard. They are
stations 12 and 52.

Since this sampling program was conducted to identify problem
areas and to analyze the reason for this condition, each station which
does not meet the assigned standard for its group use will be discussed.
Additional information of sanitary conditions upstream from these trouble
spots would be needed to pinpoint the exact location of the problem and
the single cause of the contamination.

Group 1, recreational streams, will be discussed first. Sta-

tipns 17 and 17b are located on tributaries of Round Meadow Pond in
Westminster. The area is moderately populated utilizing on-lot
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sewage facllities. No industries or direct point discharges were noted.
Failing individual land disposal systems are assumed to be the cause of
this pollution and sewering of this area should eliminate the contamina-
tion.

Station 2la is located on the Merrimack River. The river is
bordered by Haverhill on the north and Groveland on the south, both are
densely populated areas and Haverhill has industries which discharge
directly into the Merrimack River. Both cities are currently install-
ing collection systems and a joint secondary treatment facility for
sanitary and industrial wastes.

Bolton Center Brook (station 24) flows through the center of
Bolton and is bordered by homes utilizing on-lot disposal systems. The
close proximity of these systems and the lack of any other pollution
sources results in the conclusion that there are failing disposal systems
leaching into the brook.

Station 30 is located in the Spicket River just below the
Lawrence General Hospital, which has a direct point source discharge.
The analysis for station 31 upstream of this discharge does not indi-
cate pollution. The river also passes through the City of Lawrence
between stations 31 and 30. Station 30d is in the Merrimack River at
Methuen, Ma. just upstream of the Spicket River. Methuen is densely
developed.

Stony Brook in Chelmsford (station 43) has a direct industrial
waste discharge which could be the source of contamination.

Station 45 is located on a tributary to Mascuppic Lake and
passes through a large subdivision with an on-lot sewage disposal
system. The current water quality data suggests that these systems
are causing pollution problems in this tributary and may eventually
effect the lake.

Cobbler Brook, station 49, flows through the town of Merrimac
which is served by on-lot sewage disposal systems. No major industries
are located in this area. The alternative plans call for a municipal
sewerage system in this area which should eliminate the water quality
problems in the brook.

Station 51 is on the Nissitissit River in Pepperell. The area
is moderately developed with on-lot land disposal systems. There are
also some industries in the town.

These stations which show high bacterial counts, high nitrate
and high phosphorus concentrations are all located in streams that
flow by or through moderately or densely populated areas. These areas
are primarily served by on-lot disposal systems. This indicates that
these individual disposal systems may not be functioning properly, that
the area i1s over developed for the soil conditions, or that the systems
were poorly designed. The proposed alternatives will sewer and treat
waste from the towns of Groveland, Lawrence, Methuen, Chelmsford,
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Tyngsboro, Merrimac, and Pepperell and should alleviate the pollution
problems at stations 2la, 30, 30d, 43, 45, 49, and 51. However, it
should be realized that sewerage systems may not always be the best
answer to the problem, and would not be necessary if on-lot systems
were well designed and development was well planned taking into con-
sideration the soils capacity to accommodate on-lot disposal systems.

The public water supply streams (group 2) that do not meet
standards are statioms 33, 34, 70 and 87.

Stations 33 and 34 are on Black Brook in Lowell. Sources of
these pollutants appear to be coming from the Lowell incinerator and
the solid waste disposal site. Flooding of this area has occurred.

Station 70 is located on Boutwell Brook in Westford, Mass. This
brook flows through a developed area of Westford called Graniteville
which is served by on~lot sewage disposal systems. There are industries
and homes located along the brook. The alternatives propose sewerage
collection and treatment of this areas waste by 1990 and 2020.

Station 87 is located on a feeder stream to Wachusett Reservoir
in the town of Holden. Upstream of this station is a large subdivision
served by on-lot sewage disposal systems. The soil in this area is
classified as severe limitation soil. The subdivision has a history of
overflowing sewage system according to town officials.

Station 91a on Asnebumskit Brook in Holden showed the greatest
source of chemical pollution recorded in this study. Samples collected
at a point source discharge to the brook recorded the following analysis:

Copper Fluoride Lead pH Specific Conductance
March 1974 120 mg/l1 65 mg/1 500 mg/1 9.5 948 microholms
April 1974 12.3 mg/l 1.2 mg/1 2.7 669 microholms
May 1974 14.0 mg/1 1.2 mg/l 8.6 808 microholms

This brook is a tributary to Wachusett Reservoir and a source of ground
water recharge for the town of Holden gravel packed well. This point
discharge is from an electro-plating industry located on the brook.

Those sources showing high iron and manganese analysis should
be reviewed before use. Iron and manganese limits are not set for
health reasons, rather they are set for esthetic considerations such
as color staining in laundry operations.

There are a few stations which do not exceed the recommended
standards but which have analysis data high enough to be included in
this discussion. Additional data is needed to analyze the problems
and to determine if the pollution levels are rising.

Stations 11, through 11h are located either on River Meadow

Brook or on a tributary to River Meadow Brook in Chelmsford. Six
water supply wells are located along this brook, Several data points
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show chloride concentrations over 100 mg/l, nitrate concentrations
between 2 and 70, color of greater than 50 units, and total coliforms
exceeding 3,000 counts per 100 ml. Station 11 had specific conductance
levels up to 782 microholms and iron concentrations up to 6.2 mg/1.
Homes and industries in this area are served by on-lot waste disposal
systems and the source of this pollution is thought to be failure in
these systems.

Stations 67, 67b and 67c in Acton are on tributaries to Nagog Brook.
The total coliforms are greater than 2,000 counts/100 ml in several
cases with one reading at 10,100; fecal coliforms are greater than 500
counts per 100 ml with one reading at 1550 counts per 100 ml; nitrates
are up to 7 mg/l; and color is greater than 50 units at several data
points. This area has been developed within the past five years and
apartment houses and condominiums have been constructed along both sides
of the stream. The area behind the apartment buildings is swampy which
suggests that the sewage disposal area has been filled. These dwellings
use on~lot land disposal systems to dispose of their sewage. Station
67b is about 500 feet downstream of an apartment complex. An anaerobic
sewage odor was noticed at this site and the water was gray in color.

Station 76 located in the town of Holden on a tributary to Wachusett
Reservoir also had strong septic odors at the sampling location; but
the coliform counts were low,

Stations 12 and 52 are the heavy pollution areas in group 3 streams.
Station 12 is located on South Lancaster Brook in Lancaster. The fecal
and total coliform counts and the nitrate concentrations are high and
indicative of possible sewage contamination. Atlantic Union College
in the area operates a large institutional waste-disposal system and the
remaining area is served by individual on-lot disposal systems. The
proposed alternatives suggest sewering of this area with connection to
an upgraded MDC plant at Clinton.

Station 52 is on Reedy Meadow Brook in Pepperell. This brook is a
tributary of the Nashua River. High August and September coliform
counts were observed. These months are indicative of low flow periods
and little dilution of any pollutional load would result. These areas
have proposed sewerage by 1990 according to the alternative wastewater
management schemes.

Since one of the goals of Public Law 92-500 is to provide swimmable
fishable water quality by 1983, the primary recreation standard of 200
counts per 100 ml, log mean; and 400 counts per 100 ml in not more than
10%Z of the total samples taken must be met. Sixty-five percent of the
recreational water group 1, and twenty-three percent of the group 3
streams do not meet these primary standards. More information must be
gathered on these streams to locate the problem areas before a solution
can be developed.
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Radiological data was also collected on 49 stations (stations
from all three groups were included as well as stations below dumps
and sewage treatment plants.) The results are shown in Table 14.

The U. S. Public Health Drinking Water Standards for radio-
activity are:

Radium -- 226 < 3 pCi/liter
Strontium - 90 <10 pCi/liter

In known absences of strontium - 90 and alpha emitters, the water supply
is acceptable when the gross beta concentrations do not exceed 1000
pCi/liter.

All gross beta analysis were below 1,000 pCi/liter. There were
five stations (stations 3, 32, 59, 79-B and 21-A), which had gross
beta concentrations which exceeded 10 pCi/liter. A strontium - 90
analysis of these stations would be required to compare these to the
standard. All gross alpha analysis were less than 2 pCi/liter.
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TABLE 14

MERRIMACK RIVER BASIN

WATER QUALITY ANALYSES FOR RADIOACTIVITY

Results of Water Analyses

Sample Undissolved Solids Dissolved Solids Specific
Code & Gross Gross Gross Gross Gamma
Date Beta pCi/l Alpha pCi/1 Beta pCi/1 Alpha pCi/l1  Activity
Location Collected mg/1l Date Ctd. (¢) Date Ctd. (b) mg/1l Date Ctd. (a) Date Ctd. (b) pCi/l
St. # 15 Spw-1659 14.0 1.1-+ 73% < 2.0 306.0 9.0 + 17% <2.0 (d)
Hager Pond 5/15/74 8/19/74 8/19/74 8/19/74 8/19/74
# 19203
St. # 62 SpW-1700 19.4 1.4 + 59% < 2.0 332.0 7.6 + 217 <2.0 (d)
Assabet R. 5/15/74 8/19/74 8/19/74 8/19/74 8/19/74
# 19206
St. # 61 SpWw-1701 10.8 4.8 + 267 <2.0 120.0 2.7 + 407 < 2.0 (d)
Rawson Hill 5/15/74 8/19/74 8/19/74 8/19/74 8/19/74
# 19208

(a) The error expressed is the percentage relative 2-sigma counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.

(d) Indicates specific activity not detectable.
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TABLE 14 (Cont.)
Results of Water Analyses

Sample Undissolved Solids Dissolved Solids ‘Specific

Code & Gross Gross - Gross Gross Gamma .
Date : Beta pCi/l . Alpha pCi/1 . Beta pCi/1 Alpha pCi/1l Activity
Location Collected - mg/l Date Ctd. {c) . Date Ctd. (b) mg/l . Date Ctd. (a) Date Ctd.(b) pCi/l "
St. # 61-A SpW-1702 6.0 2.4 t 45% < 2.0 ©124.5 0 4.5 % 26% < 2.0 @)
Rawson Hill 5/13/74 o 8/19/74 8/19/74 o 8/19/74 8/19/74
Brook o ' = . : :
# 19209
st. # 42 Spw-1703 9.8 3.3 & 32% <2.0 228.0 © 7.7 * 19% . < 2.0 (d)
Second Div.  5/13/74 8/19/74 8/19/74 . 8/19/74 . 8/16/74
Brook ' :
# 19262
st. # 67-A  SpW-1704 4.8 1.2 + 73% | < 2.0 104.0 4.7 * 24% < 2.0 (d)
Nagog Brook 5/13/74 8/19/74 8/16/74 /19/74 _ ‘8/19/74
# 19267 ‘ . ' R : ‘
St. # 67-E  SpW-1705 89.2 7.9 + 19% - < 2.0 39,0 4.5 + 27% © < 2.0 (@
Vine Brook 5/13/74 8/19/74 8/19/74 ‘ 8/19/74 ' 8/19/74
# 19269 ' . - o

- (a) The error expressed is the percentage relative 2-sigma counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.
(d) Indicates specific activity not detectable. ",
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TABLE 14 (Cont.)
Results of Water Analyses

Samplé Undissolved Solids Dissolved Solids Specific
Code & CGross Gross Gross Gross Gamma
Date Beta pCi/l . Alpha pCi/1 . Beta pCi/l Alpha pCi/l1 Activity
Location Collected . mg/l Date Ctd. (c) Date Ctd. (b) mg/l = Date Ctd. (a) Date Ctd.(b) pCi/l°
st. # 70 SpW-1706  44.0 1.2 + 73% < 2.0 ' 238.0 4.3 % 28% <2.0 (d)
Stony Brook = 5/13/74 8/16/74 8/16/74 ' 8/19/74. - 8/19/74 .
# 19273 : ' :
st. #5 "SpW-1707 16,0 2:5 = 427 T < 2.0 248.0 :’4.L +30% 0~ < 2;0 ;(d)
Johnson Brook 5/13/74 : 8/16/74 8/19/74 8/16/74 8/16/74
# 19274 . :
St. # 54 SpW-1708 22.0 < 1.0 < 2.0 ©422.0 9.4 % 19% < 2.0. GV
Nashua R. 5/14/74 8/16/74 8/16/74 ' 8/16/74 8/16/74
# 19278 .
St. # l4-A SpW-1709 10.6 < 1.0 < 2.0 40.6 2,7 't 40% < 2,0 (d)
Sawmill Pond , 5/14/74 8/16/74 8/16/74 - 8/19/174 8/16/74 T
Brook : o
# 19280

(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.
(d) 1Indicates specific activity not detectable. ’ 4

- (a) The error expressed is the percentage relative 2-sigma counting error.
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: TABLE 14 (Cont.)
Results of Water Analyses

~/ .

Sample Undissolved Solids Dissolved Solids "Specific
Code & Gross Gross Gross Gross Gamma
Date - Beta pCi/l Alpha pCi/1 . Beta pCi/l Alpha pCi/1 Activity
Location Collected - mg/l Date Ctd. (c) Date Ctd. (b) mg/l  Date Ctd. (a) Date Ctd.(b) pCi/l°"
St. # 17-A Spw-1710 14.0 2.0 + 54% . < 2,0 - 176.0 ."'S.Qvi 22% < 2.0 (d)
Round Mdw. 5/14/74 . : 8/16/74' 8/16/74 ' 8/16/74 . 8/16/74. .
Pond ' : : ' :
## 19282
st. # 17-B Spw-1711 12,0 < 1.0 < 2.0 126.6 * 3.6 *+ 32% < 2.0 ()
Tophet Swamp 5/14/74 ' 8/16/74 8/16/74 . - 8/16/74 - 8/16/74
Brook ' :
# 19283
St. # 16  SpW-1712 9.0 < 1.0 < 2.0 80.0° 4.4 %+ 27% < 2.0 (d)
Whitman R. - 5/14/74 8/16/74 8/16/74 8/19/74 - 8/16/74
# 19284 ‘ ' : . ,
st. # 51 SpW-1713  107.4 2.4 % 51% < 2.0 135.2 < 1.0 < 2.0 @
Nissitissit R. 5/14/74 8/16/74 8/16/74 8/16/74'

# 19288

(d) 1Indicates specific activity not detectable.

L]
i

- (a) The error expressed is the percentage relative 2—sigma‘counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/1. .
(c) The minimum detectable 1imit of gross beta is 1.0 pCi/l.
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TABLE 14 (Cont.)
Results of Water Analyses

L8

Sample Undissolved Solids Dissolved Solids Specific
Code & Gross : Gross - Gross Gross Gamma
Date Beta pCi/l Alpha pCi/1 . Beta pCi/1 Alpha pCi/l Activity
Location Collected . mg/l  Date Ctd. (c)  Date Ctd. (b)- mg/l  Date Ctd. (a) Date Ctd.(b) pCi/l "
St. # 44-A SpW-1714 10.6 1.8 + 522 < 2.0 “144.0 4.0 t 29% < 2.0 (d)
Merrimack R. 5/14/74 ' 8/16/74 8/16/74 o 8/16/74. 8/16/74 .
# 19290 ' .
St. #43 SpW-1715  ~ 15.4 1< 1.0 T < 2.0 211.2 ° 6.1 £22% = < 2.0 (@
Stony Brook 5/14/74 ‘ 10/30/74 10/30/74 10/30/74 10/30/74 :
# 19292 . _
St. # 82 Spw-1716 15.8 1.2 + 73% . < 2.0 361.4 6.8 = 23% < 2.0, (d)
Long Pond 4/17/74 10/30/74 10/30/74 110/30/74 10/29/74
f 19471 -
st. # 30-B SpW-1717 17.0 1.0 £ 86% < 2.0 194.4. 2.0 £ 60%. . < 2.0 (d)
#.19769 (No date) 10/30/74 10/30/74 10/30/74 10/30/74, .
St. 60 SpW-1725 14.2 < 1.0 < 2.0 196.2 - 2.5 = 49% < 2.0 (d)
Hop Brook " 5/15/74 10/30/74 10/30/74 - 10/30/74 10/30/74 .
# 19207 : ‘ '

. (a) The error expressed is the percentage relative 2-sigma counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.

(c) The minimum detectable limit of gross beta 1is 1.0 pCi/l.

(d) 1Indicates specific activity not detectable. t
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TABLE 14 (Cont.)
Results of Water Analyses

Samplé Undissolved Solids Dissolved Solids Specific
Ccde & Gross Gross Gross Gross Gamma
Date Beta pCi/l Alpha pCi/1 . Beta pCi/l1 Alpha pCi/l Activity

Location Collected mg/l Date Ctd. (e) Date Ctd. (b) mg/l Date Ctd. (2) Date Ctd.(b) pCi/l "

st. # 79 Spw-1726 21.0 < 1.0 < 2.0 © 311.0 " 3.9 * 35% < 2.0 (d)

Scarlett Brook 5/15/74 ' 10/30/74 10/30/74 ’ 10/30/74 10/30/74 .

# 19211 . : .

st. # 68 spw-1727  17.8 - < 1.0 < 2.0 117.6 2.4 & 41% < 2.0 @)

Nashoha R. 5/13/74 10/30/74 10/30/74 10/30/74 10/29/74

# 19263 : :

St. # 2-A SpWw-~1728 22.6 < 1.0 4 < 2.0 222.8 4.0 * 34% < 2.0. (d)

Locke Brook 5/14/74 10/30/74 10/30/74 10/30/74 10/29/74

# 19287 .

St. # 43-A Spw-1729 16.6 < 1.0 < 2.0 151.4 3.3 * 33% . < 2.0 (d)

Deep Brook 5/14/74 10/30/74 10/29/74 10/30/74 10/30/74 ;

# 19291

St. # 36-A SpW-1749 15.8 1.3 + 76% < 2.0 176.2 3.8 * 30% < 2.0 (d)

Chauncey Lake 5/15/74 10/30/74 10/29/74 ' 10/30/74 10/29/74

# 19204 , ~ o ‘

- (a) The error expressed is the percentage relative 2-sigma counting error.

(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.
() 1Indicates specific activity not detectable. ' 2
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TABLE 14 (Cont.)
Results of Water Analyses

Sample Undissolved Solids Dissolved Solids Specific
Code & Gross Gross Gross Gross Gamma
Date Beta pCi/1 Alpha pCi/1 . Beta pCi/l Alpha pCi/l Activity
Location Collected - . mg/l Date Ctd. (¢) - Date Ctd. (b) mg/l Date Ctd. (a) Date Ctd.(b) pCi/l°
st. # 63 SpW-1750 64.2 2.2 & 44% . < 2.0 244.6 - 8.1 % 197 < 2.0 (@)
Assabet R 5/15/74 ’ 10/30/74' 10/29/74 ’ 10/30/74 . 10/29/74
# 19205 )
St. # 40 SpWw-1751 17.6 1.6 % 57% < 2.0 143.6 4.0 % 28% <2.0 @
Assabet R, 5/13/74 10/30/74 10/30/74 © 10/30/74 10/30/74
# 19261 : ,
St. # 67 SpW-1752 14.0- ' 2.0 t 55% < 2.0 114.0 4.3 * 27% < 2.0 (d)
Nagag Brook 5/13/74 : 10/18/74 10/18/74 10/18/74 10/18/74 o
# 19264 o
St. # 67-B Spw-1753 10.0 + 57% < 2.0 170.0 4.7 £ 29% < 2,0 C(d)
Nagag Brook 5/13/74 10/18/74 10/18/74 10/18/74 10/18/74 o
# 19266 ‘ .
st. # 11-G SpW-1754 5.6 1.0 . < 2.0 142.4 4.5 + 28% < 2.0 @
Heart Pond 5/13/74 10/24/74 10/24/74 ‘

Brook # 19270 ‘
- (a) The error expressed is the percentage relative 2-sigma counting error.

(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.

(d) Indicates specific activity not detectable.

k)
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TABLE 14 (Cont.)
Results of Water Analyses

Sample Undissolved Solids Dissolved Solids Specific
Code & Gross Gross Gross Gross Gamma
Date Beta pCi/l Alpha pCi/l . Beta pCi/l Alpha pCi/l1 Activity
Location Collected  mg/l Date Ctd. (e) Date Ctd. (b) mg/l . Date Ctd. (a) Date Ctd. (b) pCi/l "~
st. # 11-H Spw-1755  208.0 < 1.0 - < 2.0 © 260.0 3.8 t 35% < 2, o a)
Beaver 5/13/74 10/18/74- 10/18/74 . ' 10/18/74. 10/18/74
Brook » : o
# 19271
st. # 3 SpW-1756  28.0 1.8 * 52% < 2.0 862.0 " 46.0 * 8% < 2.0 ()
Flanagan 5/13/74 | 10/18/74 10/18/74 ©10/18/74 . 10/18/74 .
Pond -
# 19275
St. # 57 - Spw-1757 6.0 < 1.0 < 2.0 .568.0 3.5 .+ 36% < 2.0 (d)
Catacoonamug 5/14/74 10/18/74 10/18/74 10/18/74 - 10/18/74
Brook E ' : o .
# 19267
st. # 56 SpW-1758 8.0 < 1.0 < 2.0 160.0 - 4.2 * 28% < 2,0 @
Catacoonamug 5/14/74 10/18/74 10/18/74 10/18/74 10/18/74 -
Brook ‘ ' o
# 19277

- (a) The error expressed is the percentage relative 2-sigma counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/1l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.
(d) Indicates specific activity not detectable.
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TABLE 14 (Cont.)
Results of Water Analyses

Sample Undissolved Solids Dissolved Solids Specific *.
Code & Gross Gross Gross Gross Gamma
Date Beta pCi/l Alpha pCi/l . Beta pCi/l Alpha pCi/1 Activity

Location Collected - mg/l Date Ctd. (¢) - Date Ctd. (b) mg/l Date Ctd. (a) Date Ctd.(b) pCi/l "~ .

St. 54-A SpW-1756 10.6 1.1 + 89% < 2.0 ©1279.2 4.4 29% < 2.0 - (d)

Nashua River . 5/14/74 ' 10/24/74& 10/23/74 ’ 10/24/74. 10/24/74

# 19279 : ‘

St. # 17 "SpW-1760 13.4 1.5 66% < 2.0 231.6 4.4 £ 297 < 2.0 (d)

Round 5/14/74 8/24/74 8/24/74 8/24/74 8/24]/74

Meadow .

Pond

# 19281

o .

St, # 1 - SpW-1761 5.6 < 1.0 < 2.0 71.2 2.0 £ 47%° < 2.0 (d)

Phillips 5/14/74 8/24/174 8/24/74 8/24/74 8/24/74

Brook ' ' -

# 19285

St. # 45 SpW-1762 13.2 1.1 + 86% < 2.0 213.4 - 4.7 t 26% | < 2.0 (a). .

Mascuppic 4/17/74 10/24/74 10/24/74 10/24/74 L

Lake o ! :

# 19470

(a) The error expressed is the percentage relative 2-sigma counting error.

(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(¢) The minimum detectable limit of gross beta is 1.0 pCi/l._
(d) Indicateés specific activity not detectable. NI



TABLE 14 (Cont.) s
Results of Water Analyses . ,

Sample Undissolved Solids Dissolved Solids Specific ~\

Code & Gross Gross , Gross Gross Gamma
-~ Date ' Beta pCi/1 . Alpha pCi/1 . . Bera pCi/l Alpha pCi/l Activity
 Location Collected mg/l - Date Ctd. {(c)  pate Ctd, (b)  mg/l  Date Ctd. (a) Date Ctd;jb) pCi/l -
st. # 8 Spw-1763  10.2 < 1.0 < 2.0 J187.0 3.7 £31% <20 @
Webb Brook . 5/9/74 ' 10/24/74 . 10/24/74 ' . 10/24/74 10/24/74 .
# 19742 ' : ' : ‘ ' -
st. # 32 SpW-1764 - 10.0 < 1.0 © < 2.0 - 238.6  15.4-% 14% - <20 (d)
Beaver 5/9/74 o 10/24/74 10/24/74 " 10/24)74 10/24/74
Brook _ L _ : oo © S : C
# 19756 ‘ . o . :
o S : ' . o
St. # 45 SpW-1765 18.0. < 1.0 o < 2.0 - 352,0 - 3.9 * 35% < 2.0 (d)
Mascuppic .5/9/74 - 10/18/74 10/18/74 ©10/18/74 10/18/74
Lake ' : —
# 19757
St. # 44 SpW-1766 7.8 < 1.0 < 2.0 . 68.0 2.7 *38% <2.0 (@
Mascuppic 5/9/74 10/24/74 10/24/74 -+ 10/24/74° . (10/24/74
Lake ‘ : : . ' :
# 19758

- (a) The error expressed is the percentage relative 2-sigma counting error.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/l. : L
(c) The minimum detectable limit of gross beta is 1.0 pCi/l. e
(d) Indicatés specific activity not detectable. o - - i



TABLE 14 (Cont.)
Results of Water Analyses

£6

Sample Undissolved Solids Dissolved Solids ‘Specific 4
Code & Gross Gross Gross ' Gross Gamma
Date Beta pCi/l Alpha pCi/1 . Beta pCi/1 Alpha pCi/1l Activity
Location Collected . mg/l Date Ctd. (c) Date Ctd. (b) mg/l  Date Ctd. (a) Date Ctd.(b) pCi/l " .
St. # 59 Spi-1869  14.0 1.4 * 66% < 2.0 7300.0 ¢ 44,9 £ 7% < 2.0 ()
French 5/15/74 ' 10/24/74 10/24/74 ' 10/24/74 . :
Brook ' : ' :
#‘19210 ‘ . , ) o '
©16.0 1.4 t 66% < 2.0 279.2 . 14.8 £ 13% < 2.0 (d) .
St. # 79-B  SpW-1870 \
Gates Brook  5/15/74 10/22/74 10/22/74 - 10/22(74 ' 10/22/74
# 19212 . |
St. # 67-C  SpW-1871 16.8 1.4 * 78% < 2.0 152.0 8.8 * 16% < 2.0 (d) ?
Nagag Brook 5/13/74 10/22/74 10/22/74 10/22/74 10/22/74 o
# 19265 |
St. # 69 . SpW-1872 10.0 < 1.0 < 2.0 162.0 5.0 * 24% S <20 (@
Stony Brook  5/13/74 10/22/74 10/22/74 10/22/74 10/22/74
# 19272 ' '

- (a) The error expressed is the percentage relative 2-sigmalcounting efror.
(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(¢) The minimum detectable limit of gross beta is 1.0 pCi/l.

(d) 1Indicatés specific activity not detectable.



TABLE 14 (Cont.)
Results of Water Analyses

- (a) The error expressed is the percentage relative 2-sigma ‘counting error.

(b) The minimum detectable limit of gross alpha is 2.0 pCi/l.
(c) The minimum detectable limit of gross beta is 1.0 pCi/l.
(d) 1Indicates specific activity not detectable.

Sample Undissolved Solids Dissolved Solids Specific *\
Code & Gross Gross Gross Gross Gamma
Date Beta pCi/l . Alpha pCi/l . Beta pCi/l1 Alpha pCi/1 Activity
Location Collected mg/1 Date Ctd. (e) Date Ctd. (b) mg/l  Date Ctd. (a) Date Ctd. (b) pCi/l -
St. # 1-A Spw-1873  10.0 1.4 + 66% . < 2.0 7198.0 C 9.8 & 17% < 2.0 ) -
Phillips Brook 5/14/74 10/22/74 10/22/74 - ' 10/22/74 10/22/74 -
# 19286 - - ' : .
St. # 52 " SpW-1874 10.0 1.3+ 87% < 2.0 348.0 ~ 5.5-% 26% - < 2.0 (d)
Reedy Meadow 5/14/74 ' 10/21/74 10/21/74 10/22/74 -10/21/74
# 19289 h : : . .
R . | A :
St. #.21-A SpW-1875 22.0 1.2 + 89% . < 2.0 358.0 10.0 £ 18% < 2.0 (d)
Outfall at 5/8/74 : 10/22/74 10/21/74 i 110/21/74 10/21/74
Merrimack R. . ST \ .
# 19764
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I. DRINKING WATER SUPPLIES

The groundwater aquifers in Massachusetts are one of the major
sources of municipal water supplies. With increases in land costs,
and increases in pollution of surface supplies, groundwater will be
more in demand as a water supply source.

There are many problems developing that are endangering the
water quality and quantity of these aquifers. Sources of contamination
are:

. Highway encroachment

Urban development

0il pipelines

. Industrial dumps

. Municipal dumps

. Polluted streams that feed aquifers

MNP W N

There is also concern over the loss of groundwater recharge
from on-lot land disposal systems with the installation of municipal
sewage collection systems.

The groundwater supplies in Massachusetts, in general, are
located in shallow aquifers of limited area. Many are located near the
surface often less than ten feet from grade. These aquifers contain
unconsolidated mixed sands and gravels of such porosity to allow large
water withdrawals of up to 500 gallons of water per minute. Polluted
waters entering the aquifers from any of the above mentioned sources,
can be rapidly transported through the aquifer to the discharge point
especially during times when water will be taken out of storage. These
coarse sands within the aquifer allow little in the way of absorption,
chemical changes or straining out of bacteria and viruses. Therefore,
the areas above and around these supplies must be protected.

The Massachusetts Department of Public Health requires a 400-
foot buffer zone, owned by the municipality. This area must be free
from any source of pollution or polluting material. With increases in
volumes and complexity of chemicals now present in the environment,
there is serious thought being given to increasing the buffer zone for
greater protection.

One of the major problems developing in the Basin is the heavy
contamination of groundwater from road salting and salt piles.

The United States Public Health Service Drinking Water Standards

considers 250 mg/1l of chloride as a maximum limit for acceptable drink-
ing water. Chlorides greater than this concentration imparts a salty
taste to the water.

Before the construction of the Massachusetts Turnpike, much
concern was voiced by the Massachusetts Department of Public Health
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concerning the encroachment of this highway on the groundwater supplies
of the area. The concern centered on the large volumes of salt to be
used on the highway necessary to maintain a base surface.

A recent (1973) analysis of the Town of Auburn gravel-packed
wells shows the following analysis:

Specific
Hardness Sodium Chloride Conductance
Well #1 264 100 235 800
2 269 150 415 1,240
3 236 50 145 560
4 146 30 86 420
5 90 10 27 240

The above analysis shows the results of highway and urban
development on groundwater supplies. Eighty percent of the wells have
sodium above 20 mg/1l which is the recommended limit for people with
kidney, heart and liver diseases and who are on sodium restricted diets.
Water from wells one and two could be very distasteful, plus possibly
causing digestive upset in many people.

If sewage is the source of the pollution and it is abated,
the sodium and chloride ions will be reduced in concentration to
acceptable levels. However, if highway salting is the cause of pollu-
tion, the concentrations may reduce in late fall and increase in spring
as runoff of the salts recharges this pumping aquifer.

Probably one of the greatest causes of surface water con-
tamination is the encroachment of urban development on the watersheds
and especially the feeder streams to the surface water supplies. This
encroachment from all phases of construction has brought about the
serious pollution problems physical, bacterial, and chemical. Physical
pollution from the runoff at construction projects or the storm drain-
age discharges into feeder streams of surface supplies has, and will
continue to adversely affect the water quality. Turbidity in the
drinking water affects chlorination and the percentage of bacterial
kill. This turbidity may be from suspended soil particles or may be
from algae. Increase in nutrients from upstream sources of adjacent
urban development will increase algae blooms, cause taste and odor in
the supply, and cause stratification of deep lakes.
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J. POLLUTION OF SHELLFISH GROWING AREAS

In years past, shellfish have been a major resource of the
estuaries of the Merrimack River and Plum Island sound. The extensive
tidal mudflats on both the Newburyport and Salisbury sides of the
Merrimack, as well as the mudflats of Plum Island Sound and its tri-
butaries, provide an excellent habitat for the soft-shell clam. How-
ever, many of these productive areas are closed today due to the
numerous sources of pollution. Although, in most areas, pollution does
not affect shellfish mortality, it does affect their utilization.

Shellfish harvesting is prohibited in many areas because con-
taminated clams from these areas are a potential threat to the public
health. Clams filter large quantities of water through their gills
each day to strain out food particles; through this process, both bac-
teria and viruses, as well as other hazardous substances such as heavy
metals, may beccme concentrated in the edible part of the clam, rendering
them potential carriers of disease. For the most part, shellfish har-
vesting areas are classified on the basis of coliform bacteria counts
of overlying waters.

From 1925 to 1927, all clam flats in the Merrimack estuary
were closed to shellfish harvesting for human consumption due to
heavy pollution of the river. On July 16, 1928, the city of Newbury-
port opened its shellfish dupuration plant on Plum Island so that
some clam beds could be opened on a restricted basis. However, in-
creasing pollution has closed down more areas over the years. Table
15 shows the general decline in the number of bushels processed from

Salisbury and Newburyport by the shellfish depuration plant from 1935
to 1964. (16)

TABLE 15
Number of Number of
Date Bushels Date Bushels
1935% 23,204 1950 102
1936 13,678 1951 8
1937 11,371 1952 958
1938 13,149 1953 1,119
19239 8,327 1954 853
1940 8,778 1955 1,116
1941 3,736 1956 1,514
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TABLE 15 (Cont'd)

Number of Number of
Date Bushels Date Bushels
1942 3,996 1957 352
1943 4,136 1958 105
1944 4,532 1959 353
1945 3,132 1960 666
1946 0 1961%*% 400
1947 0 1962 346
1948 884 1963 1,205
1949 969 1964 1,470

Total number of bushels processed-110,429

* Operated by the City of Newburyport (1935-1960)

*% 1949 was the last year clams from the Town of Salisbury
were processed

*%% QOperated by the Commonwealth of Massachusetts (1961 to
present)

Salisbury clam flats have been closed since 1949. Today, all flats
along the river are closed, leaving 962.6 acres of a potentially
valuable resource undeveloped.

The portion of Plum Island Sound extending from Plum Bush
Creek to Pine Island Creek in Newbury is open on a restricted basis.
The area from Pine Island Creek to the Rowley River in Rowley is open
to harvesting by the general public. This area contains 186.8 acres
of productive flats, and 51 acres of non-productive flats. Sources

of pollution must be controlled to keep these areas open to shellfish
harvesting.

The Commonwealth of Massachusetts is a member of the national
shellfish sanitation program for interstate shipping of shellfish, a
cooperative partnership between participating states and the USPHS.
Under this program, the Massachusetts Department of Public Health has
the responsibility of classifying and surveying the shellfish areas
in Massachusetts according to procedures specified in the National
Shellfish Sanitation Program Manual of Operation, Part 1, Sanitation
of Shellfish Growing Areas. The four classifications employed by the
Department of Public Health are:

1. Approved: Growing areas may be designated as approved
when

a. The sanitary survey indicates that pathogenic micro-
organisms, radio-nuclides and/or harmful industrial wastes do not reach
the area in dangerous concentrations.
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b. Laboratory verification of the findings, is done
whenever the sanitary survey indicates a need. The coliform median
MPN of the water in approved areas should not exceed 70 per 100 ml and
not more than ten percent of the samples should exceed an MPN of 230
per 100 ml in portions of the area most likely to be exposed to fecal
contamination during the most unfavorable conditions. Such an area
must also be protected against chance contamination with fecal material
for example during a temporary breakdown in a sewage treatment facilities.

2. Restricted: An area may be classified as restricted when
the sanitary survey indicates a limited degree of pollution which would
make it unsafe to harvest the shellfish for direct marketing. Shell-
fish from such areas may be marketed after puriiying or relaying.

The coliform median MPN of the water in restricted areas
should not exceed 700 per 100 ml and not more than ten percent of the
samples should exceed an MPN of 2300 per 100 ml in portions of the area
most likely to be exposed to fecal contamination in the most unfavorable
conditions. Also, the area must not contain harmful concentrations of
radio-nuclides and/or harmful industrial waste. In Massachusetts,
shellfish from restricted areas may be taken only by commercial diggers
and must be sent to a depuration plant in Newburyport, Massachusetts
to be purified before being marketed. The depuration plant in Newburyport
(Formerly run by the Town of Newburyport) is run by the Massachusetts
Division of Marine Fisheries to insure safety to the shellfish consumer.
The cost of treating the shellfish is shared by the commercial diggers
and the cities and towns from which the shellfish were obtained.

3. Prohibited Areas: An area shall be classified prohibited
if the sanity survey indicates that dangerous numbers of pathogenic
micro-organisms or hazardous concentrations of radio-nuclides and
industrial wastes might reach the area. The taking of shellfish from
such areas for direct marketing shall be prohibited. Actual or potential
growing areas which have not been subjected to sanitary survey shall
be automatically classified as '"prohibited'". An area is classified
"prohibited" if the median coliform MPN is in excess of 2300 per 100 ml
or the water in the area contains dangerous concentrations of industrial
wastes and radio-nuclides.

4. Seasonal Areas: An area is classified as ''seasonal" when

it can only be classified as "restricted" during certain seasons of the
year. For example, recreation areas, subject to seasonal pollution

from summer houses and boats, may be only open to harvesting from
November to April; during the summer months such an area would be classi-
fied as "prohibited".

A sanitary survey of each shellfish growing area must be per-—
formed prior to its approval for shellfish harvesting. The sanitary
quality of the area is re-appraised every two years and resurveyed if
its quality is thought to be questionable. The "National Shellfish
Sanitation Program Manual of Operations" states that the purpose of a
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sanitary survey is to identify and evaluate those factors which influence
the sanitary quality of a growing area, and which may include sources of

effects of currents, winds, and tides in disseminating pollution over
the growing area; the bacterial quality of water and bottom sediments;
pollution bacteria in tributaries and the estuary; bottom configuration,
salinity and turbidity of the water.

Since it is difficult because of time and budget limitations
to collect a large number of samples from each area, it is recommended
that sampling stations be chosen to provide a maximum of data, and to
represent as wilde an area as possible.

Sample collection should be timed to represent the most
unfavorable hydrographic and pollution conditions, since shellfish re-
spond rapidly to an increase in the number of bacteria or viruses in
their environment. The Massachusetts Department of Public Health also
maintains records of original surveys, re-appraisals and resurveys.

Althrough the National Shellfish Sanitation Program specified
that shellfish areas are to be classified according to results obtained
from both bacteriological and chemical surveys, a heavy emphasis is
placed on bacteriological findings. This can be expected as there are
no enforceable limits for concentrations of hazardous industrial wastes
and radio-nuclides in shellfish harvesting areas.
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K. CONCLUSIONS AND RECOMMENDATIONS

The results of the sanitary study and investigations carried out in
this Merrimack River Basin Study, through the numerous interviews with
State and local officials, field investigations and water quality monit-
oring of 164 sites determine a need for institutional adjustments for
wastewater management at the Federal, State and local levels.

Approximately 507% of the basin population is serviced by on-lot
land disposal systems. The administrative authority is vested with the
State health departments and local boards of health. Local boards of
of health lack the funds, the personnel and expertise required to ad-
ministrate a sound wastewater management program. The designs used and
the location and extent of these land systems are creating increasing
amounts of pollution to our recreational and water supply waters. Land
disposal and land use management cannot be separated and still maintain
a pollution-free region.

The major building activities presently and predicted for the future
will be done beyond municipal sewer collection systems. Thus to control
pollution beyond the sewer extension limits requires many changes in the
institutional and engineering aspects of wastewater control and manage-
ment.

The evaluation of the water quality studies shows that approximately
75% of all streams have some degree of pollution. Some areas show
periocic pollution while others, such as Cobbler Brook in Merrimac is
grossly polluted. :

Most streams flowing through populated areas have higher than normal
nitrates and chlorides concentrations. Natural background streams lo-
cated in sparsely settled areas have nitrate concentrations below 1 and
chlorides below 10. These figures range upward as the population den-
sity increases.

Water quality studies conducted at municipal and private sewage
treatment facilities show that the majority of the plants discharge

high fecal coliforms, as high as 3,000,000 at one location in Ashburnham.

Solid waste disposal sites monitored downstream from the site or at

point sources of suspected pollution reveals the presence of high chloride,

iron and manganese. Some solid waste sites are used to dump septage
(septic tank sludges), for example at Salisbury, Mass. Where such sites
exist, flies, mosquitoes, gulls, starlings and blackbirds are present in
large numbers. A septage dumping site in Acton covers many acres of open
lagoons. Visits to the site found millions of mosquitoes breeding in the
sludges and liquids within the lagoons. Many solid waste sites are or
have been located in the groundwater table or along streams. A new sani-
tary landfill in Westminster discharges leachates to a stream. Refuse

is dumped into the groundwater table. The site is located in glacial
till.
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Water supplies both surface and groundwater, are being encroached
upon by housing deveiopments, industries and highways. It is evident
that the continuation of such practices will rapidly decrease the
water quality of both our surface and groundwater supplies.

I addition to chlorination or ozonation, most surface supplies
will require complete treatment involving coagulation, sedimentation
and carbon [iltration in the near future, unless the watersheds are
better protected.

Many public water supply watersheds are becoming increasingly
polluted as showed by the water quality studies in this report. Failure
to maintain adequate disinfection could result in an outbreak of one of
the enterir diseases.

Vermont and New Hampshire have experienced outbreaks of a para-
sitic infection of piardiasis. The parasite is not readily killed by
the normal chiorine concentrations use to disinfect water. The source
of the outbreak in Vermont was traced to improperly disposed of sewage
from an individual land system.

Stormwater discharges containing sanitary wastes will continue to
show its degrading influence on the main river water quality. Storm
water discharges will increase feeder stream organic, nutrient and
chioride loads.

It is felt that many of the shellfish beds will remain closed due
to the periodic stormwater discharges and the increased feeder stream
pollution discharging to the Merrimack.

The land disposal concept of municipal wastewater cannot be uni-
versally considered. TLand disposal sites are limited as to the perco-
lation quaiities of the soil, groundwater depths and movement, topography
and distance, and lack of proper ion exchange rates. These requirements
have not been met in many cases where small dwellings and apartments
land systems have been installed but failures occur.

Large land disposal systems should be considered in small com-—
munities having local sewage problems and where the flows are between
.5 and 5 wmgd, or in areas where a municipal wastewater treatment plant
effluent would have adverse effects on the downstream water use, such
as swimming, irrigation or water supply.

Successful land systems have been in operation for over 30 years
at Fort Devens, Massachusetts and lLake George, New York. Sufficient
depth of good percolating soil, such as sands and gravel; sufficient area
for dispersion of applied sewage effluent; and soil chemical analysis
are essential.
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Recommendations for On-Lot Land Disposal Systems

1. Research should be funded for the development of new design
criteria for on-lot waste disposal land systems, which will reduce the
number of system failures and increase the operational life of a system
to 20-25 years.

2. A stricter sanitary code should be established including re-
search findings and recommendations.

3. Stronger enforcement of the sanitary code by Federal and State
authorities should be implemented immediately.

4. Conduct a study to determine the effect on groundwater yields
if all on-lot systems were abandoned and municipal collection systems
installed in communities using groundwater as a drinking water supply.
Studies should also include location of recharge areas and the feasi-
bility of recharging these areas with AWT effluent.

5. Septage sludge treatment research should be funded to provide
the best disposal methods, which will eliminate all public health hazards.
Until this research is completed sludge from septic tanks should be
treated at a municipal treatment plant wherever possible.

' 6. Local Boards of Health should not have jurisdiction over sewage
disposal. There should be a Federal-State Authority.

Recommendations for Sewage Treatment Facilities and Collection Systems

1. Conduct extensive infiltration studies prior to design during
the wettest period of the year. Testing for infiltration and exfilt-
ration should be conducted throughout the construction of the collection
system by the design engineer.

2. Sewage pumping stations should include standby pumps, emergency
power supply and holding tanks or holding lagoons to eliminate all by -
passes into adjacent streams, ponds or reservoirs.

3. Sewage treatment facilities should have dual equipment and
standby electric power generation capacity to insure normal plant
operation and complete treatment of all wastewaters being discharged.

4. Sewage ordinances must be adopted prior to plant operation to
control all substances, which could upset the treatment plant. from
entering the collection system. Pre-treatment requirements necessary
to meet this ordinance must be strictly enforced, especially at in-
dustries where batch discharges or toxic discharges occur.

5. Long ranges evaluation studies should be conducted on the
effectiveness and ultimate cost of various disinfection methods, in-

cluding but not limited to chlorination, irradiatien, and czonation.
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Recommendations for Solid Waste Disposal Sites

1. Before sites are approved, the area should be surveyed to
determine groundwater elevations, and types of soil including impervious
stratas. Ground water elevations and run-off should be observed during
the wettest part of the year.

2. Operational procedures should be reviewed by Federal-State
authorities to insure adherences to elevations and approved areas.

3. Existing dump sites that are creating pollution problems
should be closed and the problem corrected befcre continuing its use.

4. 01d or new dumps located in streams, runoff areas or in the
groundwater table should be removed and the area restored.

5. Groundwater studies should be conducted around existing dumps
to determine the extent of contamination.

6. Recycling efforts should be emphasized and support at the
local, state and federal level.

Recommendations for Highway Construction

1. Stormwater discharges from newly constructed highways should
not discharge directly to a water body.

2. Super highways should bypass public water supply watersheds
wherever possible. The long range water quality should be given priority.

3. All run-off during highway construction should be contained to
allow maximum settling before being discharged.

4. Road salting should be avoided adjacent to reservoirs, streams

and ponds. In areas where drainage flows directly into a water body
control application of road salting should be implemented.
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L. Impact Assessment of Wastewater Management Alternatives in Terms
of Public Health

In assessing the alternativesf there are some general impacts which
apply to most of the alternatives and these will be discussed first.
The unique localized conditions can, then, be discussed.

Alternatives 1 through 4 deal with AWT as the end process. This
complies with the 1985 goal of zero discharge of pollutants.
AWT will remove substances that can interfere with disinfection of the
wastewater, hence the bacterial count in the effluent is lower than
that in the effluent from a secondary treatment plant. Chlorination,
however, does not remove all the viruses that are present in waste-
water so a health hazard may still exist. Organic matter, phosphorus
and nitrogen concentrations are all reduced after advanced wastewater
treatment. This results in higher dissolved oxygen levels in the
receiving water, fewer algae blooms and a decrease in nuisance or
septic conditions. The water is, therefore, more suitable for aquatic
life and results in a well distributed population of species including
higher order life and an ecologically sound environment suitable for
recreation and water supply.

The degree of regionalization of a system has some pros and cons
which must be weighed before a decision is made. Longer interceptors
joining towns to a regional treatment plant cross areas that would
remain untouched with individual treatment plants. Contamination of
groundwater and streams in these areas can be possible from leaking
pipes, overflows from overloaded systems and bypasses during lift
station failures.

A large treatment facility tends to produce a more constant quality
effluent since the operation and maintenance is better organized with
full-time personnel, which is well supervised and a large maintenance
department, including tools and qualified repair workers. Smaller
treatment plants sometimes cannot afford to maintain an adequately
trained staff or install automatic equipment for operation and main-
tenance and hence the effluent quality may vary considerably. The
one advantage to a smaller plant is during failure of the system the
volume of contaminated effluent is smaller in relation to the stream
flow than a similar failure at a larger treatment plant.

Land application of treated effluent has a number of advantages.
First, the soil acts as a buffer, in case of plant failure, contamin-
ated effluent is not discharged directly into a recreational water or
a water supply. Secondly, the eifluent will eventually reach the
groundwater and acts as a recharge supply. This is important in areas
that depend on groundwater as their source of drinking water. 1In all
land disposal sites, the area should be carefully evaluated to insure
that the soil can accept and completely treat the total volume of
wastewater disposed.

* See Appendix IIT for design and technical description of the alter-
natives.
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The disadvantages of land application include possible groundwater
contamination and large undeveloped land areas needed for disposal
sites. Contamination is very important when the groundwater is used
or is being considered as a drinking water supply. Large land areas
are usually not available in urban areas and hence the wastewater has
to be pumped to a site outside the collection system. However, rural
areas have land available and find land disposal a practicable al-
ternative.

Northern Middlesex Area Commission

Pepperell

The possible reuse of effluent from an advanced wastewater treat-
ment facility at Pepperell by the local industries could conserve the
town's limited groundwater supply. This is one advantage of Alterna-
tive 1. Alternatives 2, 3, and 4, involve pumping the wastewater
from Pepperell to Ayer for further treatment. Alternative 2 poses
less public health problems since the waste receives secondary treat-
ment including chlorination before being pumped to Ayer.

Dunstable, Westford

These towns are to be served primarily by on-lot disposal until
sewerage is needed. The proper design and installation of on-lot
systems and land-use control can extend or even eliminate the need
for a sewer system. Land-use control must include limiting develop-
ment to places that have sufficient land to adequately dispose of all
wastewaters created as a result of the development. This could mean
development only on large lots and limited subdivision development.

There are sections of Westford that need central sewage systems
to correct problems that exist in nearby streams. These areas are
localized sections of towns that can be sewered with the wastewater
either directed to a treatment plant at North Chelmsford (Alt. 1),
Lowell (Alt. 2), or Billerica (Alt. 3 & 4); or treated in Westford
followed by spray irrigation in Westford (Alt. 5). Alternative 1 would
require the shortest transmission lines of the first four alternatives.
Alternative 5 would be acceptable in terms of public health but the
available disposal site is questionable; a separate treatment plant
may create more hazards than joining another system.

Tyngsboro

Major pollution problems exist in this town and current plans are
to install a sewerage system in east Tyngsboro with treatment of this
waste at Lowell. West Tyngsboro should also be given immediate
attention to alleviate the potential health hazard. Collection of
this area's waste and treatment at a plant in North Chelmsford would
create the least health hazard since it has the shortest transmission
line and the interceptors would not cross the Merrimack River.
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Chelmsford

A large treatment plant at Billerica including the total wastewater
from the Town of Chelmsford could cause health hazards in the Concord
River due to the large volume of effluent compared to the flow in the
river, especially at low flow periods.

An AWT plant in North Chelmsford would eliminate the long inter-
ceptor lines to Lowell and reduce the public health hazards.

The use of a section of Tyngsboro for rapid infiltration in Alter-
native 5 has merits. However, any site in Tyngsboro that has sand and
gravel should first be examined for a possible source of groundwater
supply, since, there is need for additional supply to meet the in-
creasing water demands of the Town of Tyngsboro.

Lowell, Dracut, Tewksbury

All five alternatives for Dracut require all wastewater to be
delivered to a treatment plant in Lowell. Dracut is close enough
to Lowell to minimize the hazards of overflows and infilcration
problems. The collection of sewage from Dracut will greatly improve
the water quality of Beaver Brook now heavily polluted by sewage
overflows from Collinsville.

Tewksbury will also be served by a town collection system with
treatment of this wastewater to be performed at a regional plant in
Lowell in all five alternatives.

The location of the Lowell Treatment Plant is of some concern in
regards to potential flooding.

The Fort Devens land disposal site to treat 24 mgd is questionable
as to the soil's ability to handle this volume of wastewater. A
pilot plant of about 2-3 mgd should be constructed and evaluated be-
fore acceptance of this alternative is final. The extent of the
aquifers that feed the five groundwater supplies for Ayer and Fort
Devens is unknown. The direction of groundwater movement, the loca-
tion of water storage and recharge areas, and the depth to the water
table plus detailed soil logs must be khown in order to avoid nitrate
contamination to a concentration that may create a health problem.
Rapid infiltration that would result in a base flow discharge to
the Nashua River of some 20-30 mgd of highly treated wastewater would
decidedly improve the downstream water quality and limit the health
hazards associated with recreation and water supply.

Billerica

The alternatives get more regionalized as they progress from 1
to 4. The larger facilities include longer interceptors and greater
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potential health hazards. 1In Alternative 2, the effluent is discharged
to the Merrimack River. The large volume of wastewater that will be
treated at a regional plant would be less of a health hazard if dis-
charged into the Merrimack River versus the Concord River. In Alter-
native 3, the effluent would be discharged to the headwaters of the
Concord River. This large wastewater volume would augment the flow
in the river but could cause a health hazard since the intake for the
Billerica water treatment plant would be downstream from the sewage
treatment plant outfall. However, with the more decentralized Alter-
native 1, the effluent from Billerica AWT plant would be discharged
into the Concord River below the water treatment plant, and would
benefit the river during low flow periods.

Alternative 5 includes a rapid infiltration site in Concord -
Carlisle for 7-12 mgd of secondary treated wastewater. Carlisle's
only source of water is private wells. The discharge of sewage efflu-
ent to this area would, therefore, require a complete evaluation
before use.

Merrimack Valley Planning Commission

Lawrence, Methuen, Andover, No. Andover

These four towns have grouped together to form the Greater Law-
rence Sanitary District. This district is constructing a secondary
treatment plant in North Andover to treat the wastewater from these
four towns.

Alternatives 1 & 2 include wastewater from the Town of Boxford
and Alternatives 3 & 4 include the effluent from the secondary treat-
ment plant in Haverhill. Pumping the large wastewater volume from
Haverhill to the GLSD could cause more health hazards than separate
AWT facilities. The addition of the wastewater from Boxford does not
present any adverse health problems.

Haverhill & Groveland

Alternatives 1 and 2 would upgrade the secondary treatment plant
at Haverhill and result in better effluent to the Merrimack River.
Alternatives 3 and 4 create more of a health hazard due to the pumping
of the waste to North Andover and the total effluent entering the
Merrimack at a single point. The land Alternatives 5 and 6 offer the
greatest protection to the downstream public use of the Merrimack River
provided that the rapid infiltration site can handle the hydraulic
load.

Merrimac, Amesbury, Newburyport, Salisbury

Land disposal for each of these towns would be the best alternative
in terms of public health, if acceptable disposal sites were available.
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The small volume of flow favors land disposal. Separate secondary
treatment plants and disposal sites located within each tcwn would mini-
mize the hazards associated with long transmission lines. The rapid
infiltration sites in the Salisbury area are questionable in regard

to the soil and water table levels. A single ocean outfall from the
Newburyport plant may be the second best approach if land disposal
sites are not acceptable. An estuary outfall would effect recreation
and shellfish production more than an ocean outfall. The ocean outfall
may have some short term negative effects during construction. Since
Newbury is tied into the Newburyport primary treatment plant, it is
included with the Newburyport alternatives.

Georgetown, Rowley, Boxford and West Newbury

These towns will remain on on-lot disposal systems. With proper
control and land use management, this method of disposal can elimin-
ate the need for sewers. However, it may be necessary to form a
regional health or engineering district with strong codes, inspection
and enforcement to insure the proper installation and operation of
these systems.
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M. Impact Assessment of the Recommended Plan

Northern Middlesex Area Commission

The land sites in Pepperell selected for effluent application will
require considerable site investigation before a final approval of such
sites can be made.

Throughout the commission region, a general problem exists

of pumping stations, force mains, and gravity lines located in swamps,
along brooks and in potential flooding areas. Protection of the adjacent
waters from pollution must be provided by the construction of holding
tanks or water-tight lagoons at each pumping station to hold at least a
24-hour maximum design flow to each station. Gravity lines and man-
holes along streams will pose a threat to downstream water users un-
less designs and elevations of manhole covers are based on maximum
water quality protection.

The interceptor line along Beaver Brook will be pericdically
subjected to flooding which will greatly increase the flow at the Lowell
Treatment Plant. The present gravity line in Dracut opposite water
quality Station 32-A passes near or through a private or community
well.

The discharge into the Concord River at North Billerica remains
of concern considering the 7-day 10-year flow is about 25 cfs whereas
the projected effluent discharge is estimated at 50 cfs.

Pipe alignments through swamps and near or within the hydraulic
influence of water wells possess a potential health hazard., Back-up
systems, holding tanks, water-tight pipe joints and elevations of man-
holes and pipe inverts in relation to maximum groundwater elevations
are required for protection of the public health. To date, investigation
within the Merrimack Basin show the need for better designs, comnstruction
and inspection of all phases in the development of a sewerage system. Wet
weather flows remain a major problem in the reduction of plant efficiency
because flows exceed design including chlorine concentration and detention.

Merrimack Valley Planning Commission

The proposed land disposal sites in Merrimac and Amesbury can-
not be properly evaluated due to lack of detailed engineering data in-
cluding soils, soil profiles, groundwater elevations and direction of
flow. The area loadings of 3-11 mgd require much more extensive
engineering and evaluation than is presently available for review.
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The location of the 200-acre land application site in Amesbury west
of the Salisbury groundwater supply will require detailed soil and aquifer
evaluation before serious consideration can be given to ultimate disposal
thore
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The high metal content of the Newburyport effluent discharging
to the estuary is a serious set-back to the opening of the clam beds.
The land digposal site in Salisbury may well prove to be too low in
elevation for effective effluent subsurface flow. As in all land sites
detailed, engineering studies must be made and evaluated before serious
consideration can be given to the site.
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inspection, operation, maintenance and enforcement. The present
codes, policies and enforcement will not prevent the necessity for
public sewers,

It is doubtful that individual sewerage disposal can be adminis-
ter d a+ the 1ocal Tevel mn lanoonr Cinmolos and mnlti-family dignoasal
[P N § i AL LilY AV vaAl LT VUL 111Uy ri L\J.IJSCJ.. wWil1i O CAsaNd LlivAad L ACLilidla \-IJ.LJJ_.I\JL"(A-.I.

e : c
systems in the future will require greater expertise in the review,
approval, inspection and control than is presently available. Health
hazards through surface and groundwater contamination will increase
in these towns without guidance and institutional changes necessary at
a regional, district or basin level.

Pumping stations, location; at brooks, reservoirs and sewer lines
following streams have their built in pollution hazards and will always
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filtration, exfiltration, flooding, over topping manholes create a chain
of events resulting in period pollution and sewage treatment inefficiencies.
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I. POTENTTIAL HAZARDS OF WASTEWATER TO THE PUBLIC HEALTH

A. Biological Hazards

Wastewater is a potential carrier of many human pathogens.
These disease causing agents can be divided into four groups: bacteria,
parasites, viruses, and fungi.

1. Hazards in Effluents and Sludge

a. Bacteria

Bacteria are unicellular plants, same of which are poten-—
tial pathogens to man. Many bacteria have the ability to live in
the outside world, and synthesize their own food, however, others
must take their nourishment from the bodies of living hosts, some-
times at the cost of injury to the host. As opposed to viruses,
discussed later in this section, bacteria usually live outside the
host's cells. Many bacteria are found in the feces of man, and
therefore, are potential hazards in wastewater, sludges, and con-
taminated lakes and streams. A few of these known waterborne bac-
terial pathogens will be mentioned here, although numerous others
may exist in a contaminated water environment.

Salmonella

Numerous serotypes of Salmonella are pathogenic to both
animals and man. The camonest clinical manifestations of this disease
are acute gastroenteritis with diarrhea and abdaminal pains, although,
occasionally the clinical eourse is that of enterie (intestinal) disease

or septicemia (infection of the blood stream.) The most frequent



mode of transmission is through food or water supplies contaminated
by infected feces of man and animals. In 1966, a severe epidemic

of Salmonella typhimurium diarrhea, affecting over 15,000 cases,

occurred in Riverside, California, where the source of contamination

was an unchlorinated public groundwater supply. (1) Salmonella typhi,

the causative agent of typhoid fever, is infectious only to man.
Typhoid fever is a serious disease characterized by fever, loss of
appetite, slow pulse, involvement of lymphoid tissue, enlargement
of the spleen, and, usually, constipation. (1) Its occurrence in
the United States is rare. However, the largest waterborne outbreak
of typhoid in this country since the 1930's occurred in early 1973
at the South Dade Labor Camp in Homestead, Florida, affecting 213
of the camp's 1900 inhabitants. The camp was served by a well
that had been intermittently contaminated over the years, and,
although the water was chlorinated, controls were found to be un-
satisfactory. "Operating records revealed that unchlorinated water
was distributed prior to the outbreak, and fecal contamination was
documented in the wells and distribution system." (2) Six~hundred
and twenty-eight cases of typhoid fever were reported to the U. S.
Public Health Service Center for Disease Control in 1973.

Shigella

Shigellas cause intestinal disturbances ranging fram
very mild diarrhea to severe dysentary with intense inflammation
and ulceration of the large bowel. Two~thirds of the cases of
Shigellosis occur in chiidren under 10 years of age; and in the

United States, the disease is moderately endemic in lower socio-
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econamic areas, on Indian reservations, and in institutions (1).
The disease is transmitted by person-to-person contact, contaminated
food, and poor quality drinking water. Craun and McCabe, (2) in
their "Summary of Water-borne-Disease Outbreaks in the U.S. during
1971 and 1972", report 6 water-borne outbreaks of Shigellosis re-
sulting in 617 cases.

Le ira

Ieptospira are "coiled-shaped, actively motile bacteria
that gain access to the blood stream through abrasions and mucous
membranes" (3) causing fever, headache, chills, vamiting, muscular
aches, and conjunctivitis (1). In severe cases, the kidneys, liver,
and central nervous system may be affected. Most outbreaks occur
among swimmers exposed to water contaminated by the urine of
damestic or wild animals, although the disease may also be trans—
mitted by direct contact with infected animals or ingestion of
contaminated water. (1) Thirty-nine cases of this disease were
reported to the U. S. Public Health Service Center for Disease
Control in 1973.

Vibrio cholera

Vibrio cholerais the causative agent of cholera, a

serious, acute intestinal disease characterized by sudden onset,
watery diarrhea, dehydration, acidosis, and circulatory collapse.
Untreated case fatality rate may exceed 50%. The disease is most

often transmitted through ingestion of water contaminated with

£y



feces of infected persons, or food contaminated by polluted water,
soiled hands, or flies. (1) In the 19th century, cholera was
widespread; however, in this century, epidemics are largely con—
fined to Asia.

Pastuerella tularensis

Tularemia, a disease characterized by chills, fever,
prostration, and swollen lymph nodes (1), is caused by the bacteria,

Pastuerella tularensis. The disease often infects wild animals,

and the most common modes of transmission are the handling of con-
taminated wild animals and drinking water contaminated with urine,
feces, and dead bodies of infected animals. One hundred and fifty-
seven cases of this disease were reported to the U. S. Public Health
Service Center for Disease Control in 1973.

Mycobacterium tuberculosis

Mycobacterium tuberculosis is the causative agent of

tuberculosis, a pulmonary disease with symptoms of cough, fatigue,
fever, weight loss, and chest pain, which are sametimes absent
until advance stages. (1) Incidence of the disease is decreasing
in the United States; the incidence of new cases was 30,937 in 1973.
It is usually transmitted through contact with the sputum of an
infected person or by the airborne route. The first documented
waterborne case of human infection, reported in 1947, involved
three children who fell into a heavily polluted river, 600 feet
below a sewage discharge caming from a sanitarium (3). Since then,
other cases iﬁvolving near drowning of children in sewage con—

taminated water have been reported. Skin infections caused by
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mycobacteria in bathing waters have also been reported.

Coliform Bacteria

Standard methods (4) define the coliform group as in-
cluding "all of the aerobic and facultative anaerobic gram-nega-
tive, nonspore forming, rod-shaped bacteria which ferment lactose
with gas formation within 48 hours at 35°C". All organisms in this
group may be found in raw sewage, although many may also be found
in natural habitats.

The sub—group Escherichia coli has been found to be a charac-

teristic inhabitant of the intestines of warmblooded animals,
and therefore a better indicator of fecal pollution (5). Various

serotypes of Escherichia coli can cause gastroenteritis, charac-

terized by profuse watery diarrhea, nausea, prostration, and
dehydration (1). This disease agent, cammonly causes diarrhea

in infants and children under 2 years of age, and is also

found to be the cause of diarrhea and urinary infections in adults (3).
Enteropathogenic E. coli are present in streams and lakes polluted
with feces of warm-blooded animals, and are, therefore, threats to
people using these waters as water supplies or bathing areas. The

survival time of Escherichia coli is shorter than some coliform sub—

groups, and it is less resistant to chlorine disinfection. For this
reason, the total coliform group is preferred as an indicator of
poliution, and ineffective water treatment methods.

Fair and Geyer (6) list the following criteria for a goed indi-

cator organism.



(1) "It must be a reliable measure of the potential presence
of specific contaminating organisms both in natural waters and waters
that have been subjected to treatment. To meet this requirement,
the indicator organism or organisms must react to the natural
aquatic envircnment and to treatment processes, including disin-
fection, in the same way, relatively, as do the contaminating
organisms."

(2) "It must be present in numbers that are relatively much
larger than those of the contaminating organism whose potential
presence it is to indicate. Otherwise the presence of the con-
taminating organism itself would serve a more directly useful
purpose."

(3) "It must be readily identified by relatively simple pro-
cedures."

(4) "It must lend itself to numerical evaluation as well as
qualitative identification, since a knowledge of the degree of
contamination is an essential interest and responsibility of the
engineer."

The coliform group does meet most of the criteria listed. It
is present in large numbers in contaminated water; it can readily
and inexpensively be identified; and it does lend itself to numeric
evaluation by statistical estimate with the Most Probable Number,
(MPN) technique, or by direct count with the Membrane Filter (MF)

technique.



However, it is questionable whether it meets the first of
these criteria. Many studies have shown that coliforms do not
react to the natural aquatic environment and treatment processes in
the same way as viruses. It has been found that viruses generally
survive longer, and are more resistant to many forms of water
treatment that kill nearly 100% of the bacteria. The total coliform
count has particular questionable value for application to reno-
vated wastewater for potable use as it cannot indicate potential
hazards of all disease organisms. It is also of limited use in
testing bathing water, since more than one-half of all illnesses
contracted fram swimming water is not intestinal, but nasopharyngeal,
in character. (7)

Simpler and more effective techniques need to be developed for
detection of other disease entities, especially viruses, before
they can became accepted indicators of pollution.

Many organisms mentioned in this section on bacteria are able
to survive many days in polluted water. The best conditions for
long survival are low temperature, low population of bacterial
campetitors, and quantities of nutrient-rich waste. (3) Under the
right conditions, these bacteria can be carried many miles in a
river to contaminate other areas. Many species of fish can also
act as carriers of pathogenic bacteria to unpolluted waters. (3)

b. Parasites
Parasitism is defined as a symbiotic relationship in
which one animal, the host, is to same degree injured through the

activities of another animal. These animal parasites of man may
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be unicellular (protozoa) or multicellular (such as flatworms, flukes,
or roundworms). Protozoa can be distinguished from bacteria, which
are also unicellular, due to their larger size (between 10-200
microns) and their more intricate structure. Parasites of man are
also found in human feces, and therefore a potential threat in waste-
water and sludge.

(1) Protozoa

Cysts of Entamoeba histolytica, a pathogenic proto-

zoan, are often found in wastewater and sludge, as they are quite
resistant to many adverse conditions in their environment. Entamoeha
histolytica is the causative agent of amebiasis, a disease of the
large intestine. Symptoms range from mild abdominal discomfort to
acute dysentary. If not treated, the infection may spread to
produce abscesses of the liver, lung, brain, or ulceration of the
skin (1). The disease is most prevalent in rural and low income
areas. Its usual mode of transmission is by contaminated water
containing cysts from the feces of infected persons (1).

Giardia lamblia is a pathogenic flagella that

invades the small bowel causing symptoms ranging from mild diarrhea
and abdominal pains to steatorrhea (fat maladsorption), anemia,

and fatigue (1). The disease is more prevalent in the areas of
poor sanitation, where it is transmitted by water contaminated by
feces containing cysts of the parasite. Just recently there was an
outbreak of 67 cases of this disease in a small town in Vermont due

to contamination of a water supply with a septic tank overflow.



Craun and McCabe (2) reported 4 outbreaks of this disease resulting
in 409 cases in the years 1971-1972.
Another extremely dangerous protozoan parasite

found in wastewater in Naegleria gruberi, an amoeboflagellate that

is the causative agent of primary amebic meningoencephalitis (1).
Most cases of this disease occur in the summer months when persons
who swim in contaminated water acquire the infection through the
nasal cavity (8). The clinical course of the disease is quite
dramatic, leading to neurological involvement and often death within
3 to 6 days (8).

(2) Multicellular parasites

Parasitic worms are a special threat to sewage
treatment plant operators, farm laborers involved in irrigation
agriculture, and to people swimming in lakes polluted by sewage or
runoff from feedlots (3).

Ingestion of the larvae of beef or pork tapeworm,

Taenia saginata or Taenia solium )through eating inadequately cooked

beef or pork,can cause taeniasis. The larval stages of these para-
sites attach to the intestinal mucosa in man and develop into adult
tapeworms, causing abdominal pain and indigestion (8). The animals
themselves may become infected by ingesting eggs attached to plants
grown in spray irrigated field or on land disposal sites. Humans

may also become infected with the eggs of these tapeworms by inges-
tion of contaminated food and water (1). These eggs hatch in the

small intestine of man and the larval fomms, or cysticerci, migrate

through the body and develop in the subcutaneous tissues and striated
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muséles. Blindness or motor and sensory disturbances may result
when the larvae develop in the eyes or central nervous system (1).
Incidence of this disease in the United States is usually less

than one percent (3).

Ascaris lumbricoides is a roundworm that can in-

fect the large intestine of man. It is usually fourd in tropical
and temperate climates in areas of poor sanitation, (1) where in-
fection is acquired through ingestion of contaminated food or water
contaminated with eggs of the worm. The ingested eggs undergo
migration through the body before returning to the stomach to grow
to adulthood (8). Small number of worms may cause no symptams;
large numbers may cause digestive disturbances, pain, vamitting,
and bowel abstruction due to migration of the worms to appendix,
liver or peritoneal cavity (1). These worms may be a great hazard
in sludge disposal.

Many other potentially hazardous parasites are
found in wastewater and sludges, however, they are rarely found in
this section of the United States.

c. Viruses
Viruses are the smallest pathogenic organisms known to
man. In contrast to bacteria, they are incapable of multiplying
outside the liVing cell. It has been hypothesized that viruses
have evolved fram bacteria through genetic mutation to the "sumnit

or parasitism," losing all powers to synthesize their own nutrients (9).
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They are capable of life only if furnished with the enzymic mechanisn%s,
nutritive resources, and source of energy of same particular plant
or animal.

Viruses have no cell structure, nucleus, cytoplasm,
nor cell wall. They are camposed of two parts:

1. A singular linear molecule of RNA (acids found in
the cell nucleus, carriers of the genetic code). This molecule
constitutes the core, and is the active, disease specific, host
specific, genetic, infective part of the virus (9).

2. A protein sheath coating, called a capsid--the pur-
pose of this coat is solely to protect the core (9).

Viruses are extremely small, ranging fram 30 to 300
millimicrons (one micron is only 1/25,000th of an inch), and can
exist in many forms of symmetry, the most cammon being cubic. The
core of the virus can easily become separated fraom its protein coat,
and thus be made vulnerable to RNA digesting enzymes. However,
when the virus loses its coat, it loses only its infectivity, not
its genetic and reproductive properties. The virus core may also
regain its coat and assume its former infective properties (9).

The mechanism by which a virus is taken into the cell
is still relatively urknown. Same have been found to enter the cell
by a process known as pinocytosis, or engulfment by the cell (9).
Another mechanism by which a virus may enter the host cell is demon-
strated by bacteriophage (bacterial viruses); the phage particle

cames in contact with a bacterial cell that has receptor sites with
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a certain physiochemical specificity. If the physiochemical
structure of the virus particle corresponds to that of the receptor
site of the bacterial cell, the virus is adsorbed on the cell wall. -
The bacteriophage makes an opening in the cell wall and releases

its RNA inside the bacterial cell. Once inside the cell, the

viral core breaks down the cell DNA and synthesizes the viral RNA
fram its genetic code. Thus, new infective viruses are formed which
finally burst the cell and circulate to infect new cells (9).

There are over 100 different species of viruses
known to infect humans by the waterborne route. This grouping of
human viruses, which consists mainly of those which multiply in
the gastrointestinal tract of man, includes the infectious hepatitis
virus, enteroviruses (poliovirus, conxsackie virus, and echovirus),
adenoviruses and reoviruses (3). Large quantities of these viruses
are found in human feces and therefore in sewage, sewage effluents,
and polluted rivers and streams. Viruses of plant, animal, and
bacterial origin also abound in these waters, although little is
known of their importance to humans.

The viral content of sewage is small campared to its
bacterial content. Shuval, in a broad study of viruses in sewage
recovered fram five plaque forming units (PFU) to over 11,000 PFU
per liter in sewage from the same city (10). (A plaque-forming
unit is a measure of one virus particle growing on laboratory media).
Studies by Geldeich et al calculate the coliform density in human

feces to be 13 x 106/gram (11) other studies have estimated the
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viral concentration of feces to be 200 virus unit/gram. This gives
a virus to coliform density ratio of 15 viruses to every million
coliforms. Shuval's study in Israel found the ratio to be 1:1,000,000
(10) . However, Berg estimates that, due to imperfection of techniques
for viral detection, the amounts of viruses in sewage and river
water exceeds by at least two orders of magnitude the amount de-
tected (12).

The importance of viruses does not reside in numbers,
but in infectivity. It is felt that the smallest quantities of
virus that can be detected in susceptible cells in laboratory cul-
tures (one plaque-forming unit) are sufficient to produce infection
in man (13). The total effect of viruses are not easily detected
as many times small amounts produce infection but not disease. In-
fection occurs when the virus enters the celli and multiplies.
Overt disease occurs when there is sufficient cell damage to cause
systemic malfunction (malfunction of a specific body system). Danger
lies in the fact that an infected person with no disease symptams
can excrete large numbers of viruses, thus causing his contacts to
became infected or to get the disease. The medical field estimates
that for each person who visits a physician with identifiable viral
symptoms, 100 to 1,000 other people are infected, posing threats
as carriers (14).

Many viral disease outbreaks are accounted for by the

term gastroenteritis. Gastroenteritis (inflammation of the stamach)
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is a symptom of a disease that may be caused by bacteria, chemicals,
or viruses. Since it is not required that this disease be reported
to health authorities, it can only be estimated that the number of
viral cases occurring per year is in the hundred -thousands many of
them being waterborne (14).

Virus transmission by the water route is best demon-
strated by the virus causing infectious hepatitis, a disease of
the liver. Fram 1895 to 1964, there were at least 50 outbreaks of
infectious hepatitis attributable to contaminated water (3). The
largest waterborne epidemic of this disease occurred in Delhi,
India during the years 1955 and 1956. The epidemic, caused by a
contaminated municipal water supply, involved over 27,000 clinical
cases, and an estimated ten times this number in subclinical cases
(3). Craun and McCabe reported 11 waterborne outbreaks of the
disease in the United States during 1971 and 1972, causing 266 cases
(2). A total of 51,523 cases of infectious hepatitis were reported
to the U. S. Public Health Service Center for Disease Control in
1973.

A list of potential waterborne viruses and their asso-
ciated diseases and symptoms are given in Table 1.

Viruses may also have delayed effects. For example,
they may be oncogenic (tumor producing) or teratogenic (inducing
birth defects). The reported induction of cancer in mice by very
small amounts of reovirus 3, a member of the group of viruses that
are camon to man and many animals, shows the importance of investi-

gating the impact of nonhuman viruses on man (13).
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TABLE |

The Huamn Enteric Viruses That Can Be Waterborne and Known Diseases Associated With These Viruses

No. of
Types or Disease Entilies Associated Pathologic Changesin Organs Where Virus
Group Subgroup Subtypes With These Viruses Paticnts Muttiplies
Enterovirus Poliovirus 3 Muscular paralysis Destricution ol motor neurons Intestinal mucosa,
spinat cord, brain
stem '
Aseptic meningitis ! InNammation of meninges Meninges
: from virus
Febnle episede R wironia and viral {ntestinal mucosa
muitiphcation and lymgph
\
Echo virus 34 Aseptic meningitis Same as above Same as above
Muscular paralysis Same as above Sume as above
Guillain-Barre’s Syndrome* Destruction of motor neurons Spinal cord
Exanthem Ditation and rupture of Skin
blood vessels
Respiratory discases Viraf invasion of parenchy- Respiratory tracts
miatous of respiratory and lungs
tracts and sccondary in-
flummatory responscs
Diarrhea
Epidemic myalgia Not well known
Pericarditis and myocarditis Viral invasion of cells Pericardial and myo-
with secaondary responses cardial tissue
Hepatitis Same as above Liver parenchyma
Coxsackic >24 Mouth
virus with secondary infllammatory
TESPONSCS
Acute lymphatic pharyngitis Same as above Lymph nodes and pharynx
A Aseplic meningitis Same as above Same as above
Musculur paralysis Samc as above Same as above
Hand-foot-mouth diseaset Viral invasion of cells of Skin of hands and feet
skin of hands and fect and and much of mouth
mucosa of mouth
Respiratory disease Same as above Same as above
{nfantile diarrhea Viral invasion of cells of intestinal mucosa
mucosa
Hepatitis Viral invasion of liver celis Parenchyma cells of
. liver
Pericardius and myocardilis Same as above Same as above
B 6 Pleurodynia§ Viral invasion of muscle Intercostal muscles
cells
Aseplic meningitis Same asabove Same as above
Muscular paralysis Same as above Sanmie as above
Meningoencephalitis Viral invasional invasion of cells Meninges and brains
Pericardius, endocarditis, Same as above Same as above
myocarditis
Respiratory discases Same as above Same as above
Heputi ¥ 3 > Same e
Spontancous abortion Viral invasion of vascular Placenta
cells (7
Insuin<lependent iabetes Viral invasion of insulin Langerhans’ cells of
producing cells pancreases
Congenital heart anumalies Viral invasion of muscle Devcloping heart
cedls
Reo virus 6 Not well known Not well known
Adenovirus 3 Respiratory diseases Sunie as above Same as above
Acutc conjunctivitis Viral invasion of cells Conjunctival cells
and sceondary intlamymatory and blood vessels
responses
Aj
cells nodes
Intussusception Virat invasion of lymiph Intestnal lymph
nodes () nodes (7)
Sub acute thyroiditis Viral invasion ol parenchyma Thyroid
cells
Sarcoma in hamsters Transformation of cells Muscle cells
Hepatitis >2 Infectious hepatitis Invasion of parenchyma cetls Liver
Serunmy hepalitis Invasion of parenchyma cells Liver
Down’s Syndrome”* Invasion ol celis Frontal lobe of brain,
muscle, bones

*Ascending type of muscular paralysis

**Mongolism

tFebrie episode with sores 1n mouth

#Rash and blisters on hand-loot-mouth with fever
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Another group of disease causing viruses, the "slow
viruses," was not recognized until quite recently. These viruses
are extremely small in size, and resistant to.heat, ultraviolet
radiation, formalin and freezing. They have an extremely long
incubation period and lead to chronic degenerative disease. These
‘viruses can persist unnoticed in the hosts cells for such a long
time because they are able to replicate without causing death to
the cell. It has been hypothesized that it may not be the virus,
but the response of the body's immune system to infected cells that
causes the most damage in these diseases (15).

A recent outbreak of multiple sclerosis, usually a
disabling neuramuscular disorder, in the Town of Mansfield, Massa-
chusetts, was a cause of much concern as it has been linked to a
possible viral contamination of the town's waters between the years
of 1932 and 1936 (16). Fourteen confirmed cases of this disease
were found in Mansfield, a town with a population of 10,000, giving
the town one of the highest multiple sclerosis rates in the nation.
Nine of the fourteen people had grown up in the town, and eight had
lived within a few blocks of each other near a pond that was heavily
polluted during the years 1932 to 1936. It has been hypothesized
that multiple sclerosis is a viral disease contacted at puberty but

fails to show any symptoms until early adulthood or middle age.

The mean age of the patients fraom Mansfield in 1934 was 14; this

finding concurs with a study by Poskanzer et al (17) in which a
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mean age of 14 at time of exposure to the disease causing agent
was calculated. Although this hypothesis cannot be confirmed, it
does point out the great need for research in the characteristics
of slow viruses and their mode of transmission.

Survival of viruses in the water enviromment is in-
fluenced by many factors. Generally, they have been found to survive
longer at lower temperatures. Also, their survival has been found
to be longer in treated or "clear" water or in grossly polluted -
water than in moderately polluted water (11) . This is a contrast
to bacteria which survive longer with an increasing degree of pollu-
tion. In most waters, viruses appear to last longer and are much
more resistant to disinfection and other treatment processes than
bacteria. A camparison of suri'vival times of various viruses and
bacteria at different temperatures is given in Table 2.

The survival of viruses in sea water may be shortened
by a marine anti-viral agent or agents (MAVA). Shuval (10) has
studied such agents, and found them to be biological in nature,
heat labile, and ether sensitive. They appear to be very complex
substances, and not much is known, as yet, of their mode of action.

d. Fungi

Fungi are non-photosynthetic plants that do not form
embryo (seeds). They do not have physiologically differentiated or
functional roots, stems, and leaves; they consist of one cell or

aggregates of undifferentiated cells (9). Same fungi are etiological
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TABLE 2

Effect of Storage: Laboratory Study Demonstrating
Days Required for 99.9% Reduction of Viruses and Bacteria in Sewage (11)

No. of Days

Temperature®C
Organism 4° 20° 28°
Poliovirus 1 110 23 17
Echovirus 7 130 41 28
Echovirus 12 60 32 20
Coxsackievirus A9 12 .. 6
Aercbacter aerogenes 56 21 10
Escherichia Coli 48 20 12
Streptococcus faccalis 48 26 14
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(1]

agents of deep-seated and superficial mycoses (fungal infections)

in man. They are often found in natural habitats such as soil, and
more recently they have been detected in sewage and polluted waters.
Cooke and Kabler (18), in a study of sewage effluents, sludges, and
polluted waters in southwestern Chio, reported three pathogenic

fungi--Allescheria boydii, Aspergillus fumigatus, and Geotrichum

candidum--to occur consistently. Both A. fumigatus and G. candidum

are etiological agents of pulmonary diseases common to man’while
A. boydii has been found to cause fungal tumors. Of the three,
G. candidum was most frequently isolated.

2. Hazards in Air-Aerosols

Aerosols are defined as particles ranging fram .0l to 50 4
suspended in air (19). Aerosols are another potential hazard of
wastewater when they are generated fram sewage treatment units and
spray irrigation systems as they may contain organisms that are harm—
ful to man. Aerosols that range for two to five 4 in size never
reach the lungs because they are captured in the upper respiratory
tract. Here they are removed by the action of cilia and pass to
the digestive tract via the pharynx. ~(20) If aerosols of this size
contain gastrointestinal pathogens, infection may result. Respira-
tory infections may result fram smaller aerosols containing respira-
tory pathogens. Deposition on the aveoli of the lung is greatest
for particles in the one to two / size range, and then decreases to
a minimm at approximately .25 M- Below .25 /u , aveolar deposition

increases again (21).
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Bacterial pathogens in aerosols have a fairly rapid die-
off rate due to dessication in flight. Evaporation rate is directly
related to high temperatures and low relative humidity. Studies
of evaporation rates show that a 50 ) water droplet will evaporate
in .31 seconds in air with 50 per cent relative humidity and a
temperature of 22°C (22). Evaporation rate is also affected by the
presence of chemical additives. Chemical additives may decrease
the rate of water evaporation and thus provide a longer survival
time for pathogens (23). Different bacteria have different sur-
vival times. E. coli has been shown to have a short life span in
the aerosol form while coliforms of the genus Klebsiella, which are
pathogens of the respiratory tract, survive much longer as they form
a large capsule which protects them fram dessication (24).

Both activated sludge and trickling filter units emit con-
siderable numbers of pathogenic particles. Napolitano and Rowe (25)
found that activated sludge units emit ten times more coliforms
than high rate trickling filters. In activated sludge units, the
aeration tanks were found to be the most prolific in discharging
bacteria as significant amounts of coliforms were found at a distance
of 150 feet fraom the aeration tanks with winds varying fram 220 to
405 ft/min. Besides temperature and humidity, these studies found
that coliform concentration in the air also depended on size of the
source, velocity of the wind, and ultraviolet radiation from the

sun.
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As for spray irrigation sites, Sepp describes a German study
where downwind travel of aerosols increased 85 feet for every 2.25
MPH increase in wind velocity (26). In another study, it was found
that with a five to 10 MPH wind, the mist zone extended 105 feet
downwind from a sprinkler with a spray radius of 30 feet (26). Be-
cause of differences in wind speed, buffer zones of 50 to 200 feet
around spray irrigation sites are recammended. Droplet travel may
also depend on the spray equipment. High pressure, high trajectory,
fine droplets travel further. Aerosol travel may also be decreased
by pointing spray nozzles downward and utilizing forested sites that
maximize entrapment of droplets (27).

3. Hazards to the Food Chain

Pathogens present in water polluted by sewage may be taken
up by aquatic organisms. Shellfish, in feeding, will filter 10 to
20 gallons of water per day through their systems. Shellfish are
known to be carriers of bacterial disease agents, and in the past
many outbreaks of typhoid fewver have been attributed to contaminated
shellfish. They may also be carriers of viral disease; in fact,
1,700 cases of infectious hepatitis resulting from contaminated
shellfish have been reported. Most studies on virus uptake in shell-
fish have found that most of the cammon species do concentrate and
retain significant amocunts of virus, and that, when contaminated
shellfish are transferred to clean seawater, the rate of elimination

of viruses is considerable in all cases.
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Liu et al (28) studied the uptake of poliovirus 1 by the
Northern Quahaug and found virus contamination to occur quite rapidly.
Most of the viruses appeared to be concentrated in fhe digestive
diverticulum where they were not adsorbed onto, nor did they pene-
trate, the cells. It was also found that shellfish cleanse them—
selves quite rapidly when placed in a unit of clean, flowing seawater.
Under these conditions, virus concentrations were reduced to a non-
detectable level within 48 to 96 hours. Metcalf and Stiles (29),
studying shellfish in a New Hampshire estuary found virus survival
in oysters to depend on temperature, pollution level, and species
of virus. Low temperature caused longer survival; in fact, sur-
vival appeared to be indefinite below 4°C. Survival was also
longer at high pollution levels due to the presence of nutrients.
Finally, of the three viruses studied, the poliovirus, coxsackie-
virus, and echovirus, survival of the coxsackle virus was longest
and poliovirus was shortest under the same set of conditions. It
was hypothesized fram data collected in the study, that virus trans-
mission by shellfish would be optimal when high pollution levels
and maximum survival times coincide. In the New Hampshire estuary,
highest viral pollution of shellfish occurred from July to Octaober,
and lower water temperatures, which are conducive to longer virus
survival, occurred in the early fall. The data predict an in-
creased probability for virus transmission via consumption of raw

shellfish beginning in midsummer and peaking in early fall. This
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prediction recapitulates the seasonal pattern described for shell-
fish-induced epidemics of infectious hepatitis in man.

4. Disease Vectors and Nuisance Organisms

Control of disease vectors and nuisances is a major concern
in the managment of water resources. Unsanitary conditions created
by improper management of wastewater often lead to situations con-
ducive to the breeding of vectors.

A vector is an animal which can transmit a cammnicable dis-
ease from an infected person to a well person. In New England, the
vector of major concern is the Aedes mosquito, a potential trans-
mitter of the Eastern encephalitis virus to man and horses. Of
lesser concern are the Anopheles mosquito, a potential vector of
malaria, and the American dog tick, a potential vector of Rocky
Mountain Spotted Fever. (124)

Two species of mosquitoes known to transmit Eastern encepha-

litis to man, Aedes solicitans and Aedes vexans, are camonly found

in New England. Aedes solicitans breeds .in brackish pools in salt

marshes along the Atlantic coast fram Maine to Florida, while Aedes
vexans breeds in inland areas along the flood plains of rivers on
the muddy edges of receding pools. Both mosquitoes are fierce day -
biters and have quite long flight ranges (5-20 miles) (125).

The Eastern encephalitis virus, which may be carried by these
mosquitoes, can cause a severe and frequently fatal encephalitis

in man and equines (horses). In man, the disease is usually charac-
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terized by a sudden onset with high fever, vomitting, drowsiness or
cama, and severe convulsions. In severe cases, death occurs 3 to

5 days fram onset. Survivors are often left with mental retardation,
convulsions, and paralysis (1).

The virus was first identified from the brain of horses in
1933, and was identified as the agent causing an epidemic of man in
Massachusetts in 1938-39. 1In the 1939 epidemic, thirty-four cases
with 25 deaths were reported, and six out of the nine survivors
were left with permanent brain damage (125).

Recent research in the vectors of Eastern encephalitis in-
dicates that birds are the cammon reservoirs (or carriers) of the
virus. The infection chain is normally limited to birds, small
Mls, and mosquitoes, with an occasional spill over to horses

and humans. The bog or swamp mosquito, Culiseta melanura is the

primary vector in the bird-mosquito-bird chain, and rarely bites
man, while mosquitoes of the Aedes species transmit the virus to
horses and humans. In Massachusetts, only the fresh water swamp

mosquito Aedes vexans has been found to transmit the virus. Out-

breaks are usually attributed to heavy rainfall, and high tempera-
tures, which cause exceptionally large mosquito populations (124).
However, a recent outbreak in Southeastern Massachusetts in August
and September 1974 was not preceded by the usual chain of events
leading to an Eastern encephalitis outbreak. The Regional Office

of the Department of Public Health in Lakeville, which tests
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mosquito pools in the summer months for the encephalitis virus,
could not isolate the virus from the man-biting Aedes mosquito.

Only the vectors in‘ the bird-mosquito-bird chain, Culiseta melanura,

appeared to be infected. Also, there was less rainfall in this
section of Massachusetts than there was in previous years. How-
ever, there was a large population of Culiseta mosquitoes as this
mosquito can overwinter in its larval form, and heavy rainfall in
the previous year had lead to a large overwintering population (126).

Three cases of the virus were reported to the Massachusetts
Department of Public Health (one in Taunton, one in Foxborough, one
in Middleborough) during the summer of 1974. One death was reported
as of September 1974,

Mosquitoes and other insects may also create great annoyance

problems for man. The damestic mosquito Culex pipiens breeds in

urban areas in streams, street catch basins and clogged drainage
ditches containing water of high organic content. Numbers of this
mosquito have increased over recent years due to the increase of
polluted water in urban areas (124). This mosquito is not an
aggressive biter; however, it invades houses, and its persistant
high-pitched hum continued late into the night makes it a con-
siderable pest (125).

Horseflies and deerflies are another nuisance problem in
eastern Massachusetts. These flies inhabit marsh areas, creating
severe anmnoyance at recreational and work sites, as their bites

Create fairly deep, painful wounds causing considerable flow of
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blood (125).

Biting midges are a nuisance in coastal resort areas, fresh-
water inlets, and tidal pools. Non-biting midges, also create
problems. They breed in brackish water, tidal creeks, and fresh-
water ponds. Usually high organic concentrations in the water will
favor production (124). Swarms of these insects have interfered
with human activities and camfort, and have even caused traffic
hazards when crossing highways (125).

It is predicted that vector and nuisance problems will in-—
crease in the future due to the rapid inc#ease in population, the
development of suburban areas close to breeding plans, the expanded
use of recreation areas, inadequate control of wetlands, concern
over pesticide use, and the development of insect resistance to
various pesticides. To cambat this growing protﬂenulresearch sur-
veillance and technical assistance must be provided in problem
areas, along with an increase in size, number, and scope of mosquito
control programs with more emphasis on water management and source
reduction.

In Massachusetts, encephalitis surveillance is handled by
the Lakeville Regional Office of Public Health. The State Reclama-
tion Board has the responsibility for supervision of all organized
mosquito control and nuisance control projects.

B. Chemical Hazards

1. Hazards in Effluents and Sludges

Chemical agents found in wastewater may pose a threat to the
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public health as they can contaminate water supplies and became
concentrated in man's food supply. Some chemicals may be present

in such quantities that they create acute toxic effects when ingested
while others accumulate in the body in small quanitites over a long
period of time producing long-term chronic disease. Small concentra-
tions of chemicals, such as trace metals, may never produce overt
disease but do cause such subclinical effects as fatigue, headache
and nervousness that are never brought to the attention of a physician
or never linked to chemical toxicity.

A substance is considered toxic "if it impairs growth, re-
production, or metabolism of an organism when supplied above a
certain concentration" (30). Even elements essential to life may
be toxic above certain concentrations. Animals have the ability
to eliminate and detoxify many chemical toxins entering the body.
Schroeder states that "toxic action occurs only when hameostatic
mechanisms for excretion are overcome" (31).

Toxic substances of great concern in wastewater are the
heavy metals, cyanides, nitrates, pesticides, organic campounds and
radioactive substances.

a. Heavy Metals

Heavy metals are same of the most dangerous elements
in our environment. Rapid increase of industrialization has caused
the release of these elements into the environment in enormous
amounts. "The last half century has demonstrated all too clearly

that biological adaptive processes are too slow to cope with the
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environmental change induced by technology." (32) Although much is
known about the toxic effects of large doses of heavy metals, less
is known about the effects of long-term small doses on biological
systems, food chains, and humans.

Many metals, when present in small quantities, are
essential to life. Schroeder lists 14 "good" metals (33). Four
that are needed in bulk quantities are: sodium, magnesium, potassium,
and calcium. Ten that are needed in very small quantities are:
vanadium, chramium, manganese, iron, cobalt, copper, zinc, selenium,
strontium, and molybdenum. Metals are "bad" when they accumlate
with age and are present in quantities greater than what is necessary
for life and health. There is no cellular requirement at all for
some metals such as lead and mercury. Certain metals may also
react with others to cause synergistic effecté (caused when the
danger from two cambined pollutants is greater than the sum of in-
dividual dangers). Such is the case with arsenic and lead, which
when present together, have increased toxic effects (34).

Many of these potentially toxic metals are discussed
below:

Mercury

For a long time, large concentrations of mercury
have been known to produce acute toxic effects. Inorganic mercurials
used in industry were known to produce a disease called "hatters

madness," which was cammon in the felt handling trade due to the
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use of mercuric nitrates in the felt making process. Industrial
control of mercury came early, although these controls applied
only to inorganic mercury and large doses. The danger of organic
mercurials, such as methyl mercury, which are far more toxic than
inorganic mercurials, was not recognized until recently. The main
inpetus for research into the toxicity of organic mercury arose
fram a severeoutbreak of mercury poisoning in Minimata, Japan,
during the 1950's. Minimata, a coastal town with a population of
10,000, experienced an outbreak of a strange disease causing loss
of coordination, numbness of limbs, blindness, and loss of hearing.
Forty-three pecple died and 68 were left permanently disabled (32).
One-third of these cases appeared in infants born to undiseased
mothers. In such cases, the disease was expecially severe, causing
deformity, mental retardation, lack of muscular control, and early
death. Extensive investigations found mercury to be the culprit.
Fish and shellfish played a major role in the diets of the inhabi-~
tants of this coastal town. Concentrations of mercury in the
effluents fram factories which used mercuric sulfate as a catalyst
in synthesizing acetaldehyde and discharged to the ocean were
extremely high in inorganic mercury content. Investigators were
baffled since even these high concentrations of inorganic mercury
were not known to produce toxic effects, and furthermore, fish and
shellfish in the area were found to contain 1 - 3 ppm and 5 - 20 ppm

organic mercury (wet weight). It was later found that inorganic
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mercury can became methylated to form organic mercury by microbial
action in anaerobic conditions, and that organic mercury is readily
accumilated in the bodies of animals.

Organic mercury is more toxic than inorganic mer-
cury because of its chemistry (32). It accumulates in humans because
it can became firmly bound to various proteins and fats which make
up the cells of the body. Because it is so tightly bound, its
half-life (length of time needed for a system to rid itself of half
the substance absorbed) is much longer. Organic mercury can con-
centrate in the liver, kidney, and brain; and it has a different
half-life in each of these different organisms. The half-life in
the brain and fetus is particularly long even though they have slow
rates of uptake. This explains the devastating effect organic
mercury has on the nervous system and on new born children. Organic
mercury also has an extremely serious effect on the nervous system
because we are endowed with a limited number of brain cells at
birth. These cells and the neural pathways connecting them do not
have the ability to reporduce or repair themselves. When damage is
done to these cells and pathways of the brain, it is usually irre-
versible. In addition, extensive damage must occur before effects
can be seen because many neural pathways are not absolutely neces-
sary for a function to be carried out, but merely duplicate other
pathways in case of breakdown. Thus, a large number of people in
Minimata may have suffered a great amount of brain damage through

destruction of these duplicate neural pathways without clinical
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symptoms. Children may be more sensitive to the toxic effects.
of mercury because they have fewer neural pathways thus leaving them—
selves open to more widespread damage.

Mercury can also cause genetic damage as it has
been known to cause chromosome division at concentrations as low as
.05 ppm (35).

Mercury enters the environment through the burning
of natural fuels, the extraction and use of mercury itself in
mining, smelting, and refining, the manufacture of chemicals and
paper, and its use as a fungicide in agriculture. Many feel that
mercury is a problem only in fresh water and not in the ocean be-
cause it can became greatly dispersed in large volumes of ocean
water. However, "hot spots" may be created in ocean water because
mercury becames firmly bound to the sediments, and when methylated,
it is rapidly taken in by organisms. Mercury can became a great
problem in estuaries and fresh water. 1In 1970, fish in Lake St.
Clair and the St. Clair River on the Canadian border were found to
contain as much as 7.8 ppm mercury (35). Scientists in Sweden
found that the mercury concentration in pike, which is at the top
of the aquatic food chain, ranged up to 17 ppm in the skin (36).

Many estimates have been made as to the threshold
level for mercury poisoning in man. Scientists at the Oak Ridge
National Laboratory, using a safety factor of 10, set the allowable

daily intake at about 100 micrograms/day (37). The present USPHS
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Drinking Water Standards has no limit for mercury, and the new
proposed Drinking Water Standards set the maximum acceptable con-
centration for raw water used for drinking water at 2 ppb. The
Swedish standard is .03 mg/day (30 micrograms/day) assuming two
meals of fish a week (39). The FDA interim standard for mercury
is .5 ppm for fish and .2 ppm for shellfish. To set a definite
threshold value, further research is needed in the mechanisms of
mercury toxicity in man.

Lead

Iead is another dangerous heavy metal, that like
mercury, has no useful function in the human body. Lead is also
similar to mercury in other aspects as it is more potent:in its
organic forms, it has a more devastating effect on infants and
children and it can cross the placental barrier and damage the
fetus. Lead poisoning may be either acute or chronic, although
the latter is most common. Early symptams of chronic lead poison-
ing are listlessness, anemia, abdominal pain, and vamitting. Chronic
lead poisoning can eventually lead to extensive liver and kidney
damage, peripheral nerve disease, permanent brain damage and gene-
tic damage (38, 39, 40).

The normal blood lead level in humans ranges from
15 to 40 ug Pb/100 ml of blood (33). The threshold blood lead
level for lead poisoning is not known. Some researchers have placed
the threshold level as high as .7 ppm to .8 ppm (70-80 ng/100 ml),
while other researchers in Great Britain have calculated the safe

threshold level for children to be .36 ppm (41). Levels of lead
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as low as .20 ppm blood have been shown to inhibit the enzymes
necessary for the biosynthesis of heme (which cambines with a pro-
tein to form hemoglobin) (42).

Lead accumulates in the body with age in the bone
and sometimes the aorta (31). The normal human intake of lead has
been estimated to be .3 mg/day, and the average person can excrete
.5 mg/day. However, if lead lewvels in the enviromment are above
normal, a person may easily accumilate small quantities over a
period of time. This accumulated lead may became dangerous as
"under conditions of high calcium metabolism, such as feverish
illness of cortisone therapy, lead may be mobilized, and a toxic
amount is released fram the skeleton" (39). Schroeder believes that
innate lead toxicity is common among city dwellers causing tired-
ness, nervousness, apathy and lack of ambition (33).

Major sources of lead are food and the atmosphere.
Lead from the atmosphere may enter the water environment from
atmospheric fallout from motor vehicles and industry. Drinking
water may also be contaminated with lead from lead piping espe-
cially in areas where there is soft, acidic water to dissolve
the lead. The present WHO and USPHS limit for lead in drinking
water is .05 ppm, assuming most people drink two liters/day (5).

Cadmium

Cadmium is another heavy metal that may reach toxic

amounts in water. Acute cadmium poisoning may cause gastroenteritis.
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Long-term exposure to small doses may cause chronic disease with
first symptams of tiredness, shortness of breath, an impaired sense
of smell, and painful joints, and later symptams of decalcifica-
tion of the skeleton, bone fractures, and kidney malfunction accam-
pained by excessive excretion of proteins, amino acids, glucose,
and calcium (43). A classic outbreak of this disease occurred in
Japan along the Jintsu River in Toyama Prefecture. Fram World War
II to the 1960's, over 200 cases of this disease (called "itai-
itai" because of the patient's shrieks of "itai-itai", as they
suffered severe pain in their bones) were reported. The water from
the Jintsu River, which was contaminated with cadmium, lead, and
zinc from nearby mining tips, was used to irrigate rice crops and
was also used by many as a source of water supply. Kobayashi made
a study of this disease outbreak and found that cadmium, lead, and
zinc were not only present in high concentrations in the water but
also in the irrigated rice. He then studied the effects of these
three metals on rats, and found that cadmium alone caused symptams
characteristic of the disease (43).

Cadmium is accumilated with great efficiency in the
kidneys and liver and to a lesser extent in the pancreas, spleen,
thyroid, adrenals, gall bladder and testes (44,45). In mammals,
cadmium becames bound in the kidney as a metalloprotein and is
released very slowly. From an average daily intake of 2Q0-500 yg

of cadmium, the average person retains 1.8 to 3.6 ug (44). It has
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been found that the cadmium concentration in man's kidney increases
until approximately age 50 (44). Cadmium has been implicated in
hypertensive disease. Schroeder found that extremely low doses
of cadmium (only a few hundred micrograms), when injected into the
blood stream of small animals, produce increased blood pressure (46).
In another study, Schroeder created a cadmium-free enviromment for
animals, and then found that the addition of five micrograms/1
cadmium to the drinking water of a portion of these animals caused
a shortened life span, thickening of the small arteries of the kidney,
hardening of the arteries, enlargement of the heart , high blood
pressure, and high cadmium concentration in both the kidneys and
blood vessels (47). These findings duplicate the findings in high
blood pressure of humans. A study around the world showed that
people dying of hypertension had more cadmium in their kidneys and
a higher cadmium/zinc ratio than people dying of other causes (47).

Cadmium has also been found to be associated with
kidney damage, cirrhosis of the liver, and damage to the lungs.
Many studies have indicated that cadmium is a carcinogen. Experi-
ments on animals have shown cadmium to cause damage to the central
nervous system (48). Cadmium may also cause destruction to the
testicles and placenta (48).

The maximum allowable limit for cadmium in raw water
used for drinking water supplies is .0l mg/l. This value is ex-

ceeded in many cities due to soft water and galvanized pipes (zinc
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ore contains cadmium) (49). Soft water has the ability to dis-
solve metals in pipes and has been linked to cardiovascular disease.
It has been hypothesized that it is not soft water, but the metals,
such as cadmium dissolved by soft water, that are related to cario—
vascular disease (47). Large amounts of cadmium are released into
the environmment each year from processing and refining of cadmium
bearing ores, the incineration of cadmium containing products, the
eletroplating industry, the battery industry, and the use of
phosphate fertilizers mined from deposits with sedimentary bands
of fossiled fish teeth (which contain a lot of cadmium) (49).
Cadmium may also enter the food chain of man by becaming concentrated
in plants and shellfish.

Arsenic

Ingestion of as little as 100 mg of arsenic can
cause severe poisoning (5). Chronic poisoning with arsenic is more
cammon, as arsenic is easily absorbed fram the gastrointestinal
tract and lungs and becames distributed throughout the blood and
tissues, inhibiting enzymes needed for cellular oxidation (50).
Arsenic is mildly toxic in its pentavelent (+5) oxidation state and
highly toxic in its trivalent (+3) oxidation state. Arsenic, like
mercury, may become methylated in the water environment; however,
while organic arsenic in the air is highly toxic, organic arsenic
concentrated in fish fraom water is of low toxicity. Also, although
aquatic organisms concentrate arsenic fram water, it is not pro-

gressively concentrated along the food chain (50). Many arsenic
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campounds have been implicated as being carcinogenic to humans;
however, experimental results do not support this hypothesis (51).

Arsenic may react with other metals in the environ-
ment. It may decrease the toxic effect of selenium, but it in-
creases the toxic effect of lead. Arsenic enters the enviromment
through natural processes through the burning of fossil fuels, the
mining and processing of sulfide minerals, the increased erosion
of the land, and to a much lesser extent, through the use of
phosphate detergents and fertilizers (50). The new proposed national
drinking water standards set the maximum allowable concentration
of arsenic in drinking water supplies at 1.0 mg/l.

Chramium

Ingestion of chramic acid and hexavalent salts of
chramium, in large amounts, can cause irritation of the gastroin-
testinal tract with vamitting and diarrhea; and chromic acid may
be irritating to the skin (51). In most of its soluble forms,
however, the toxicity of chromium is quite low. Inhaled hexavalent
chromium has been shown to be carcinogenic,and chromate ore roasts
and a few selected chramium compounds have induced malignant tumors
in subcutaneous and muscle tissue when implanted at certain sites
in rats and mice (52). However, no carcinogenic effects from in-
gested chramium have been found. Because not enough is known about
chramium and its compounds to set threshold limits for human toxi-
city, present drinking water standards are set at .05 mg/l to insure

protection of the public health (2). Schroeder and others have
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shown that chramium is an essential micronutrient effecting growth
and survival (53). Chromium has been found to be a protective agent
against lead toxicity in rats (54). Concentrations of less than

5 - 8 ppb indicate a deficiency state in humans, as low states of
chramium in the body may impair glucose tolerance (53). Chramium
Le,alts may enter the water enviromment fram tanning and plating
industry wastes and fraom industries producing paints, dyes, ceramics,
and paper.

Copper

Copper is only moderately toxic to humans. Ingestion
of large amounts (above 50 ppm) of copper salts causes vamitting,
gastric pain, dizziness, cramps, convulsions, and sametimes death
(55) . Concentrations in water are ususally too low to cause these
symptaoms. There is no evidence of chronic copper poisoning as it
does not accumulate in the body. However, if emesis does not occur
when large amounts are ingested, systemic copper poisoning may
result causing damage to the capillaries, liver, kidney and central
nervous systeni (55). Copper is used in the metallurgical, elec=
troplating, pesticide, electrical, textile, munitions, and photo-
graphic industries (62).

Small amounts of copper in drinking water may be
beneficial, as copper is an essential micronutrient. The recammended
limit in water used for drinking purposes is 2 mg/1l (5).

Selenium

Selenium is toxic to man in certain forms; however,

the most toxic selenium campounds are found in the air enviromment.
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Water and soil may become contaminated with selenium through in-
dustrial fallout. Selenium campounds have been known to cause
depression, nervousness, gastrointestinal disturbances, and garlic
odor of the breath and sweat (56). Selenium in small amounts may
also be capable of increasing dental caries if consumed during tooth
development (57). Despite these harmful effects, trace amounts of
selenium may be necessary in the diet. It has been found that
chicks receiving diets inadequate in selenium suffer severe mal-
function of the pancreas, a breakdown in the digestion of dietary
fats, and a breakdown in vitamin E adsorption (58).

There appears to be conflicting findings on the
carcinogenicity of selenium (52). Selenium may have an inhibitory
affect on cancer development, as studies have found that sodium
selenide reduces the number of artifically-induced tumors in mice
(59). Other studies have found an inverse relation between sodium
selenide in soil and forage crops and human cancer rates and an
inverse relation between human blood levels of selenium and human
cancer rates (60). The receammended limit for selenium in water
used for drinking is .01 mg/1 (5).

Antimony

Antimony, in low concentrations, has been known
to shorten the life span in small mammals (61), and may have quite
damaging effects on the heart and liver (62). No detailed studies
have been done on the long-term effects of antimony, although it

is quite widely used in industry and in the manufacture of paints,
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textiles, rubber, and ceramic glazes.
 Sodium

Sodium is an essential nutrient to all animals, and
deficiency of this substance produces primarily a failure to grow
and survive. Much attention has been given to sodium lately as it
has been linked with the development of high blood pressure. In
studies where rats have been fed high concentrations of sodium salt,
same researchers have found a relationship between high sodium
diets and high blood pressure, while others have found the occurrence
of high blood pressure to be herediatry (63). Sodium has also been
implicated in cardiovascular disease. Water softened by sodium cycle
ion~exchange resins is high in sodium, and soft water has been found
to be directly related to cardiovascular disease. However, sodium
is also often found in waters with high mineral content (hard
waters), which are inversely related to cardiovascular disease. The
conflicting relationships between sodium concentrations and water
hardness indicate the need for further research on the subject. Be-
cause sodium does have a beneficial effect on man in concentrations
normally found in water, and sodium concentrations in food are often
much higher than the sodium concentrations of water, there is no
limit set for the amount of sodium in drinking water.

Other Trace Metals

Limits for boron, iron, manganese, and zinc have been
set in drinking water. However, these limits are not based on poten-

tial threat to public health (and in same cases, these elements in
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drinking water are quite beneficial to man), but on their threat
to plants and wildlife, and on the taste and corrosion problems
they are likely to create.

b. Nitrogen compounds

Nitrogen is essential to all living things, although in
same forms, and at certain concentrations, it presents a hazard to
the health of both man and animals. In recent years, there has been
a marked increase in the nitrogen concentratioh of both surface and
groundwaters in the United States due to increased municipal and in-
dustrial waste discharge (both effluents and sludge), septic tank
discharge, and runoff from dumps and animal feedlots. Non-point
sources such as runoff, leaching, and tile drainage from agricultrual,
urban, and other lands also play an important role in the increased
nitrogen content of our waters (64).

Humans are being exposed to large amounts of nitrogen
in both their food and water. Vegetables, such as beets, spinach,
and brocolli accumulate large quantities of nitrate due to increased
application of fertilirers; meat may also be high in nitrates due
to a nitrate-nitrite preservative widely used in the meat-processing
industry (64). Present drinking water standards set the limit for
nitrogen as nitrate (NO3) at 45 mg/1 (5). Most surface water supplies
in the United States comply with this limit, however, many ground-
water supplies in rural areas do not, due to agricultural contamina-

tion (64). Thus, nitrates are of great concern in considering waste-
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water reuse by recharge to an aquifer.

Excessive concentrations of nitrates and nitrites in
humans can lead to a condition call methemoglobinemia. Ingested
nitrites and nitrates (which can be converted to nitrites by the
human intestinal bacteria) can convert the hemoglobin of the blood
to methemoglobin. Hemoglobin is the oxygen carrying camponent of
blood, which when converted by nitrites to methemoglobin, loses its
ability to cambine with oxygen. Cyanosis (bluish tinge to the skin)
and disturbances of bodily functions due to lack of oxygen may occur
when five to ten per cent of the total hemoglobin has been converted
to methemoglobin.  Since 1944, over 2,000 cases of this disease
have been reported (49). Most cases occur in infants under three
months of age because (64):

1. Fetal hemoglobin is more readily converted to methe-
moglobin.

2. Infants are deficient in two enzymes necessary to
convert methemoglobin to hemoglobin.

3. Infants have a high fluid intake per body weight.

4. The stamach of an infant is at a lower pH, which is
more conducive to growth of bacteria which convert nitrates to
nitrite.

5. Gastrointestinal illness in infants permits bacteria
responsible for nitrate conversion to nitrite to move higher in the

gastrointestinal tract.
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Many subclinical cases of nitrate poisoning must exist.
A study of Pethukov and Ivanov showed a slowing of conditioned
motor reflexes in response to auditory and visual stimuli in children
whose water contained only 26 mg/l nitrogen as nitrate (66).

Nitrosamines, formed from reactions between nitrates,
nitrites, and various amines, are known to produce acute toxic
effects as well as carcinogenic, teratogenic, and mutagenic (pro-
ducing chromosomal aberrations) effects. It is known that nitro—
samines may be formed in processed foods, however, further research
is needed to determine whether they can be formed in water, and in
man, after ingestion of food and water containing nitrates and
nitrites (64).

c. Hardness

Hardness in water is caused by the presence of cations
of elements such as calcium and magnesium. Recently many studies
have found hardness of water to be inversely proportional to cardio-
vascular disease. Schroeder et al, in a study of 163 cities in the
United States, found that Cat+ and Mg++ correlate well with male
death rates from coronary heart disease (67).

Most recently, a study in England compared men living
in soft water towns to men living in hard water towns in terms of
indicators of cardiovascular disease. Men in both groups were
matched according to social class, occupation, and way of life. Men

from soft water towns had higher blood pressure, plasma cholesterol,
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heart rate, and cardiovascular mortality rates than men in hard
water towns. These differences could be important in explaining
the difference in cardiovascular mortality between hard and soft
water towns (68).
d. Cyanide

Small doses of cyanide (CN) may act as a respiratory
stimulant, but at‘higher doses, it acts as a respiratory depres-
sant. Large doses of cyanide may paralyze the central nervous
system, and arrest respiratory movement and beating of the heart (55) .
The safe threshold of cyanide has been determined to be 19 mg/1 (as
CN), and doses over 50 - 60 mg may be fatal (5). Smaller doses of
cyanide (5 - 10 mg) are detoxified mainly in the liver where it is
converted by enzymes to thicocyanate (a non-toxic sulfur camplex)
(2). Detoxification mechanisms in humans are usually inexhaustable,
although toxic effects do occur when the rate of cyanide adsorption
surpasses the rate of detoxification. Chronic cyanide poisoning
does not occur; however, prolonged administration can cause an
undersupply of oxygen to the body's cells, destruction of nerve
fiber casings, and changes in the thyroid (55). The proposed drink-
ing water standards set a limit for cyanides in water used for
drinking at .2 mg/1 (5).

e. Pesticides
Pesticides are chemical agents used to kill unwanted

species or pests. The increased production and use of these sub-
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stances has been the cause of much concern in recent years, as in
large quantities they have been proven highly toxic to man and
wildlife; and at persistant low levels, they have been linked to
cancer in man. Most of the pesticides used today are of the
synthetic organic type; the two most popular types are the chlorina-
ted hydrocarbons and organophosphates.

Chlorinated hydrocarbons such as DDT, dieldrin, aldrin
and lindane eliminate pests through their action on the central
nervous system (69). Unfortunately, they may effect the nervous
system of other animals and man in high amounts and may have harm-
ful chronic effects on vertebrates at low levels. Such effects in-
clude fatty infiltration of the heart, and fatty degeneration of
the liver. Chlorinated hydrocarbons are dangerous for three basic
reasons (70). First of all, they are nonspecific universal poisons,
killing other species besides the pest. Secondly, they are not
biodegradable, and can persist in the environment for long periods
of time. Finally, they are able to concentrate in the fat of man
and animals. This last point causes the biological magnification

of these substances in the food chain. Animals occupying higher

positions in the food chain have smaller populations yet these smaller

populations are exposed to higher concentrations of pesticides in
their food.

Fish and other aquatic animals and fish eating birds are
especially sensitive to these substances. Many lakes and streams

contain fish with DDT levels above 5 mg/kg, the alert level set by
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the Food and Drug Administration. Lake trout reproduction has been
inhibited by DDT. Coneentrations of 5 ppm in trout eggs have been
known to kill fry when they adsorb their final yolk sac before
hatching (71). Chlorinated hydrocarbons have also been proven to
produce reproductive difficulties in birds by interfering with their
ability to metabolize calcium. This interference decreases the
thickness and weight of the eggshell, causing it to break (71). Many
other effects on smaller animals are known, but not much is known

of the effects of these pesticides on man. They have been indicated
as carcinogens, but evidence is not conclusive. Man already con-
tains high concentrations of these substances, and it is disturbing
to note that an average mother's milk contains .05 - .26 ppm DDT
(69). The FDA limit for DDT in milk is .05 ppm.

Organophosphates such as parathion, malathion and
azodrin are more toxic than chlorinated hydrocarbons, but less
stable and less persistent in the enviromment (69). These pesti-
cides are cholinesterase inhibitors. They inhibit the enzyme re-
sponsible for the breakdown of nerve transmitter substances, causing
acute activity of the nervous system and death. Because of their
lack of persistence, these substances have not been indicated in
chronic disease; in fact, mammals have enzymes that can break down
malathion.

The ID50 (oral dose lethal to 50% of exposed laboratory

animals in mg/kg) of various pesticides is given in Table 3 (72).
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TABLE 3 (72)

TOXICITY OF THE MORE COMMON PESTICIDES

AS SHOWN BY THEIR ID/50's in mg/kg

Organochlorine group

Aldrin

Benzene hexachloride
Chlordane
Dieldrin

Endrin

Heptachlor Epoxide
Methoxychlor

DDD

DDT

DDE

Diazinon

Lindane

Simazine

2,4,5-T

2,4-D

Toxaphene
Atrazine

Botanicals

Allethrin
Barthrin
Pyrethrins
Ryania
Rotenone
Sabadilla
Warfarin

55
500
457

60

10 to 12
40 to 60
6000
8400
113
880
100 to 150
125
5000
100
560
90
1750

680
680

820 to 2600
1200
132
4000

58 (F) 323 (M)
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Organophosphorous group

Ethion
Guthion
Parathion
m Parathion
Malathion
Dibraom

Others

Fenuron
Calcium cyanamid
Silvex
Carbaryl (Sevin)
Ferbam

27 to 65
16.4
6 to 15
9 to 25
1000 to 1375
430

6400
42
650
540
7000



Pesticides enter the aquatic enviromment by direct
application to surface water (as in the case of mosquito larvicides),
water runoff, and particulate erosion from contaminated land. In
metropolitan areas, these substances may be discharged through
sewers to sewage treatment plants where they may impair treatment
processes by sterilization of micro-organisms (71). Pesticides can—
not be removed from water and wastewater by most treatment pro-
cesses; activated carbon adsorption seems to be most effective.

Care must be taken as their degradation products may be just as
harmful, if not more haxrmful, than the pesticides themselves (71).
In aquatic systems, pesticide concentrations decreases with time,

as their concentrations increase in sediments and aquatic organisms.
However, it may be possible that concentrations in sediments can
recycle to the water phase. Pesticides usually don't reach the
groundwater as they are readily adsorbed on soil particles when
applied to the land, and are very difficult to leach out (71). The
major mechanisms for their dissipitation in the enviromment are
adsorption, degradation, volatilization, and plant uptake. New pro-
posed limits for pesticides in drinking water are given in Table 4.

f. Organic Campounds

Other organic campounds are becaming increasingly pre-
sent in the nation's waters. A report by A. D. Little for the

Environmental Protection Agency in December 1970 (73) found 469
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RECOMMENDED LIMITS FOR CHLORINATED HYDROCARBON INSECTICIDES

TABLE 4

Campound

Aldrin
Chlordane
DoT
Dieldrin
Endrin
Heptachlor

Heptachlor
Epoxide

Lindane
Methoxychlor

Toxaphene

Water

Recammended 1/
limit (mg/1)

0.00000014
0.003

0.05
0.00000014
0.0002
0.0001
0.0001

0.005
1.0

0.005

1/ Assume average daily intake of water for man - 2 liters.

A-49



reported or suspected organic chemicals in drinking water. Organics
such as phenols, pyridine, diphenyl ether, kerosene, nitriles, PCB
(polychlorinated biphenyls), and benzene derivatives are suspected
carcinogens. While carcinogenic effects on animals have been ex-
perimentally proven, extrapolation of these results to humans is
difficult and uncertain (74). The toxicity of the breakdown pro-
ducts of these chemicals must also be considered; and many of them
may react together to produce synergistic effects (75). For ex-
ample, benzyprene and certain detergents react together to produce
cancer in animals; however, alone they do not. Methods of controi
of these substances are still in their infancy. Drinking water
standards do not exist for many of them as these standards were
developed for relatively clean protected water, not water heavily
polluted by industry (75). Also, most conventional treatment methods
are ineffective in removing such exotic wastes.

2. Hazards to the Food Chain

a. Trace Metals

Trace metals may be taken up by aquatic organisms living
in waters polluted by industrial effluents. Trace metal concen-
trations in the marine bioshpere are higher than in the hydrosphere
(30). It has been proven that these substances can became concen-
trated in mollusks up to many hundred times the level found in the
marine environment. Several pathways of this concentration process

have been suggested (78):
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1. Particulate ingestion of suspended material

2. Ingestion through preconcentration in the food
chain.

3. Camplexing of metal by linkages with appropriate
organic molecules.

4. Incorporation of metal ions into physiologically
important systems of the mollusk.

5. TUptake by exchange, for example, onto the mucous
sheets of the oyster.

Studying various species of estuarine mollusks, Pringle
et al (30) measured the concentration levels, uptake rates, and
depletion rates of selected trace metals under various conditions.
Average trace metals levels in shellfish taken from 100 sampling
stations along the Atlantic coast are given in Table 5. Trace
metals accumalation by various species of shellfish in a simulated
natural environment were also studied; these results are given in
Table 6. It has been found that the food chain and sediments may
contribute same metals, although most metals are taken up in their
soluble phase from surrounding waters (79). Experimental results
of this study indicated that accumulation rates depend on tempera-
ture, condition of the particular shellfish, pollution levels, and
the physiological role the metal plays in the body of the shellfish
(79) . Pringle also found accumulation rate to be greatest in the
soft-shell clam and least in the hard-shell clam. Depletion rates
of different trace metals in shellfish were also measured; the

results of these experiments are given in Table 7. Pringle found
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TABLE 5

AVERAGE TRACE METAL LEVELS IN SHELLFISH TAKEN FROM ATLANTIC WATERS (30)

(Values are given in PPM Wet Weight)

Element Eastern Oyster Soft Shell Northern
Clam Quahaug
zinc | 1428 17 20.6
Copper 91.50 5.80 2.6
Manganese 4.30 6.70 5.8
Iron 67.00 405 30
Lead .47 .70 .52
Cobalt .10 | .10 .20
Nickel .19 .27 .24
Chromium .40 .52 .31
Cadmium 3.10 .27 .19
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TABLE 6

TRACE~METAL ACCUMULATION STUDIES IN A SIMULATED NATURAL
ENVIROMMENTAL SYSTEM (30)

Environ— Values Total Accumi~  Accuma- Species Sea Water
mental mg. /kg. Accumu~  lation lation Temperature
Level Initial Final 1lation Time in Rates
Days (mg./kg./
day)
.1 ppm 23 79 56 10 5.60 Soft Shell 20°c.
.2 ppm 15 85 70 25 3.00 Soft Shell (Toxic- 20°c.
poor condition)
.05 ppm 35 200 165 8 20 Soft Shell No control
(25-260C.)
«5 ppm 6. 8 1.5 25 .06 Quahaug No Control
(10°C.)
.2 pem 10 27 17 50 .35 Soft Shell 20°C.
.05 ppm 0 8 8 70 .10 Soft Shell 200c.
(3.8 in 4 wks)
.1 pem 0 9 9 56 .16 Soft Shell 20°c.
(6.5 in 4 wks)
.1 ppm 0 112 112 70 1.60 Soft Shell 20°c.
.2 ppm 0 235 235 40 5.80 Soft Shell 20°C.
.2 ppm 0 260 260 84 3.10 Soft Shell 20°C.
(220 in 70 days)
.2 ppm 0 35 35 56 .63 Quahaug 20°c.
.025 ppm 0 17 17 49 .35 Eastern Oyster 20°c.
.05 ppm 0 35 35 49 .71 Eastern Oyster 20°C.
.1 pmm 0 75 75 49 1.50 Eastern Oyster 20°c.
.2 ppm 0 200 200 49 4.00 Eastern Oyster 20°C.
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TABLE 7

TRACE METAL DEPLETTON STUDIES IN A CONTINUQUS FLOW SYSTEM

(30)

Species Metal Depletion Range, Depletion Tempera- Depletion Source of
in milligrams Time, in ture, in Rate, in Specimens
per kilogram days degrees milligrams
per day Celsius per kilo-
initial  Final gram per
day
(1) (2) (3) (4) (5) (6) (7) (8)
Soft Shell Copper 124 30 7 20 12,50 from 0.1 ppm
' accumlation
study
Soft Shell Cepper 96 34 11 20 5.10 River View
(water off)
Soft Shell Copper 68 9 10 20 5.90 Allens Harbor
Soft Shell Copper 62 34 4 20 7.00 Ilong Meadow
(water off)
Soft shell Copper 58 20 15 20 2.60 Jerusalem
(water off)
Soft Shell Copper 52 24 15 20 1.90 Aljens Harbor
(water off)
Soft Shell Copper 48 22 4 20 6.50  from 0.2 ppm
accumlation study
Soft Shell Copper 33 20 7 20 1.90 Charlestown
Hard Shell Copper 17.5 13.0 84 no control 0.05 Boston Harbor
(4~12)
Hard Shell Manganese 21 16 84 no control 0.095 Boston Harbor
(4-12)
Hard Shell Zinc 38 26 84 no control 0.12 Boston Harbor
(4~12)
Hard Shell Iron 27 27 84 no control 0.0 Boston Harbor
(4~12)
Oyster Iead 203 188 21 20 0.71 fram 0.2 ppm
accumilation study
Oyster Iead 79 63 21 20 0.76 - from 0.1 ppm
accumilation study
Oyster Iead 32 22 21 20 0.46 fram 0.05 ppm
. accumulation study
Oyster lead 24 5 21 20 0.91 fram 0.025 ppm

accumlation stud
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that these substances became chemically and structurally incorpor-
ated into the tissues of the various organs of the mollusk ard
essentially became an integral part of the animal. Thus, biological
turnover, or depletion, depends on the reversal of the incorpora-
tion process. The depletion rates for metal contamination were found
to be much slower than those for biological contamination. In
general, depletion rates for each species were directly proportional
to uptake rates, that is depletion was fastest in the soft-shell clam
and slowest in the hard-shell clam. Depletion also seemed to depend
on the initial concentration of the metal in the shellfish.

Although much information exists on accumlation and
depletion of metals in shellfish, very little is known about these
processes in fish and crustaceans. It is known that fish do accu-
mulate metals but not to the degree found in mollusks. There is
evidence that metals such as chramium and cadmium do not accumulate
in the edible portion of the fish (80). ILobsters and crabs also
take up metals, but again, in smaller quantities than shellfish (81).
Higher accumulation rates in shellfish can be easily explained;
they pump a large quantity of water through their bodies each day
to strain out essential nutrients, and through this process, they
also accumilate a lot of nonessential substances.

The National Shellfish Sanitation Program of the Food
and Drug Administration has proposed alert levels for trace metals

in shellfish (82). These levels were proposed for the sole purpose
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of acting as indicators of changes in trace metal concentrations in
shellfish growing waters; they do not reflect levels dangerous to
man, as not enough information exists on heavy ﬁetals toxicity in
man. Alert levels for trace metals in shellfish are listed in
Table 8.

b. Pesticides

Hundreds of millions of tons of pesticides are released

into the enviromment each year due to agricultural practices, in-
dustrial discharges, and pest control. ILarge percentage of these
substances eventually reach rivers and estuaries where they are taken
up by marine organisms, such as fish and shellfish, that are used
for food purposes. The Food and Drug Administration has not set
levels for these substances in fish; however, the National Shell-
fish Sanitation Program has proposed alert levels (see Table 9)
for pesticides in shellfish (82). The Program has further recam-
mended that if cambined values obtained for Aldrin, Dieldrin, Endrin,
Heptachlor, and Heptachlor Epoxide exceed 0.20 ppm, such values be
considered as alert levels which indicate the need for increased
sampling until results indicate the levels are receding. It has
also recammended that when the cambined values for the five pesticides
exceeds 0.25 ppm, the shellfish harvesting area should be closed

until levels recede.
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PROPOSED ALERT LEVELS FOR TRACE METALS
IN SHELLFISH (ppm) (82)

TABRLE 8

Metal Oyster Quahaug Soft Shell Clam
Hg .2 .2 .2
ca 3.5 .5 .5
Fb 2.0 4.0 5.0
Zn 2000 65 30
Cr 2.0 1.0 5.0
Cu 175 | 10 25
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TABLE 9

PROPOSED ALERT LEVELS FOR (82)

Aldrin

BHC

Chlordane .

DDT) Any or all
DDE not to
DDD) exceed
Dieldrin

Endrin
Heptachlor
Heptachlor Expoxide
Lindane
Methoxychlor

2, 4-D

PESTICIDES IN SHELIFISH (ppm)

.20
.20

.03

1.5
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II. EFFECTIVENESSOFWASPMERTREATMENPINTEHWSOFHJBIICPEALIH
A. Water-Oriented Treatment

1. Removal of Biological Hazards

As wastewater is often discharged into the waters that are
eventually used for recreation or a source of drinking water supply,
it must receive adequate treatment to eliminate potentially patho-
genic organisms. The various methods of wastewater treatment vary
in their ability to effectively remove these pathogenic agents.

In this discussion, emphasis will be placed on virus removal, as
many viruses have been found to be more resistant to treatment pro—-
cesses than bacteria. Also, current disinfection practices, if
carried out properly, may destroy nearly 100 percent of the bacteria
in wastewater, while viral destruction may be considerably less.

It must be remembered that only one virus unit is enough to cause
infection or disease in man.

a. Primary Treatment

Primary treatment usually consists of screening and
degritting to remove large particles and debris, and sedimentation
to remove suspended solids. This treatment method is probably the
most widely used, however, it is the least effective. Primary treat-
ment, without disinfection, removes virtually no viruses at re-~
tention time of two to three hours, which is the design value used
for most treatment plants (83).

b. Secondary Treatment
After primary treatment is used to remove solids by
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physical means, secondary treatment may be employed to remove organics

biologically. Secondary treatment systems rely on biological cul-
tures to convert the water soluble organics of primary treated
effluents to water insoluble organics, carbon dioxide, water and
energy. The two most cammon biological treatment processes are the
trickling filter and the activated sludge process.

Trickling Filters

In the trickling filter system, primary effluent is
sprayed on a bed of crushed rock or other media coated with bio-
logical slimes. These slimes consist of bacteria, protozoa, algae,
and fungi which build up on the crushed media and break down organics
in the wastewater. Kelley et al found virus removal by this system
ineffective, as they found 70 percent of samples of trickling filter
effluent to be positive for viruses (84). Shuval, in a series of
tests with trickling filter effluents recovered 22 - 100 percent
of the viruses present in influents (10). Trickling filte;:s are
not effective in virus removal because large organic campourds pre-
sent in sewage are more readily adsorbed than smaller viruses. Also,
even when viruses are adsorbed, they may later be replaced and leach
out of the filter system (85).

Activated Sludge

Activated sludge treatment ususally consists of sedimen-
tation followed by aeration in a basin with air diffusers or mechani-

cal aerators to provide aeration and mixing. The mixture of waste-
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water and sludge is then pumped to another sedimentation basin where
solids settle out. A portion of the sedimentation basin sludge,
which accumulates a population of aercbic bacteria, is recycled to
the aeration basins to be cambined with incaming raw waste. The
aerobic microorganisms in this sludge metabolize, biologically
flocculate, and remove organic camponents of the wastewater.

Tests performed on wastewater in a continuous flow
laboratory unit have shown that, at a retention time of approximately
seven hours, 98 percent removal of coxsackie virus A9,and 90 percent
removal of polio virus 1 may be achieved. Removal of coliforms and
fecal streptococci under the same conditions exceeded 96 percent (86).
Experiments performed in the absence of activated sludge seed have
shown much lower virus removals (29), and experiments carried out
in the absence of air have shown no virus removal at all (87). This
indicates that the constituents of activeied sludge as well as aera-
tion are important factors influencing removal of viruses. Pathogen
removal in this process is largely a physical process brought about
by adsorption and sedimentation, although some studies indicate
that same virus inactivation may occur due to antiviral substances
(87). Thus, viruses are still active in the sludge and must be
treated to eliminate their pathogenic potential.

Experiments in the field have shown lower virus removals
indicating that this process requires further treatment to effec-

tively eliminate public health hazards.
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¢. Disinfection

All treatment processes are usually followed by some
form of disinfection. Disinfection is a form of specialized treat-
ment for the destruction of harmful disease-producing organisms.

The most cammon disinfectant in use is chlorine, although chemicals
such as bramine, iodine, ozone, and treatment with ultra-violet
radiation are effective. Efficiency of disinfection depends on

many different factors such as the kind and concentration of organisms
to be destroyed, the kind and concentration of disinfectant, con-
tact time, the chemical and physical character of the water to be
treated, and the availability of a quick, reliable method to test
for residual disinfectant concentrations (88). In general, viruses
and parasitic cysts are more difficult to destroy than bacteria.
Existence of clumps of viruses may contribute to their resistance

to disinfection (89). Disinféctants also vary in their mode of
inactivation. Ozone and the halogens, such as chlorine, bramine,
and iodine, inactivate bacteria by penetrating the cell wall and
oxidizing essential cellular function units such as enzymes (89).
Inactivation of viruses by these substances results from denatura-
tion of the protein capsid leaving the nucleic acid core unaffected.
Ultraviolet radiation is thought to kill viruses by the point heat
effect. When an ultraviolet photon hits a RNA molecule in the virus,
the temperature rise is enough to cause disruption of the molecule
or part of the molecule (89).
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Chlorination

Chlorine, when applied to water of low pH (below 6.0),
hydrolyzes to form HOCl, hypochlorous acid, one of the fastes viru-
cides known. In waters of higher pH, HOCl dissociates to form H+
and OC1~. The hypochlorite ion, OC1l~, is also an effective disin-
fectant; however, it is 60 to 70 times slower than HOC1 (90). Both
HOC1 and OC1™ 1n water are lumped under the term "free residual
chlorine." However, the disinfecting potential of chlorine is usually
greatly reduced, as most treatment plant effluents contain a large
concentration of ammonia, and organic nitrogen compounds, which at
high pH, cambine with chlorine to form chloramines (termed as "cam—
bined chlorine"). Chloramines destroy bacteria at a rate up to 270
times slower than HOCl1 (90). Viruses are more difficult to destroy
than bacteria. Although a chlorine residual of .5 mg/1 for 15 min-
utes is camonly used for bacterial removal, chlorine residuals of
9 mg/1, for 15 minutes and 21 mg/l for 10 minutes, especially if the
chlorine is in cambined form, have been reported necessary to inac-
tivate 90-99% viruses in secondary effluents (91,92).

Few studies have been done on disinfection of viruses
in wastewater and it is impossible to set a fixed free chlorine con-
centration and contact time for inactivation of all viruses in all
types of water. Liu's study of effects of chlorination on viruses
in Potomac River water shows the wide range of resistances among

different virus types to chlorine (Table 10) (93). The dosage-time
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TABLE 10

RELATIVE RESISTANCE OF 16 HUMAN ENTERIC VIRUSES TO

0.5 mg/l FREE CHLORINE IN POTOMAC WATER (pH 7.8 & 20C)

Virus

Reo 1

3

2
Adeno 3
Cox A9
Echo 7
Cox Bl
Adeno 7a
Polio 1
Echo 29
Adeno 12
Polio 3
Cox B3

B5
Polio 2

Echo 12

Experimental

Min. for 99.9%
inactivation

2.7
(4.0
4,2
(4.3
6.8
7.5
8.5
12.5
16.2
20.0
23.5
30.0
35.0
39.5
40.0

7 60.0
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combination depends on the virus destruction desired and the pH and
temperature of the water (94). In general, it has been found that
a rise in temperature of 10°C increases the destruction rate by 200-
300 percent (90). Effective destruction of viruses also requires
low ammonium ion and organic concentration of the water, low tur-
bidity, and low virus concentration (94). Thus, other methods of
treatment which camonly precede chlorination are quite necessary
as not only do they reduce the virus concentrations, but they also
remove substances that interfere with the disinfection process or
protect the virus particles fram contact with chlorine.

Chlorine does have its disadvantages. Large concentra-
tions of chloramines in water are toxic to fish and other river
life (85). Also, chlorine may react with residual organic com-
pounds to form potentially hazardous chlorinated organics (75). The
transport and handling of chlorine may also be a hazard to the public
health, as it is poisonous to humans and fatal in gaseous form at
levels above 1,000 ppm. Finally, chlorine is currently in short
supply due to the high energy requirement for its manufacture.

Ozone

Ozone (03) is a powerful disinfectant that is manufactured
by the action of strong electrostatic discharges in air, oxygen, or
a mixture of both. A review of literature shows ozone may be more

effective than chlorine in inactivating viruses and persistant
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parasitic cysts (95). Research shows that as the dose of ozone

is increased, there is little improvement in the disinfecting ability
until a critical dose is reached. However, when the critical dose
is reached, ozone is virtually 100 percent effective, and an ozone
residual appears. A reasonable dose for destruction of bacteria is
1.5 to 2 ppm (96).

As for viruses, Pavoni et al, showed that an ozone dosage
of 15 mg/1 and an ozone residual of .015 mg/1 for five minutes killed
100 percent bacteria phage £, (bacterial virus) in secondary efflu-
ent (96). Bender states that an ozone residual of .5 mg/l for four
to five minutes in the effluent fraom an advanced waste treatment
plant will destroy 100 percent poliovirus 1 (97).

Ozone is less sensitive to temperature and pH than
chlorine, and therefore more reliable than chlorine under varying
water conditions. Also, it doesn't react with ammonia to form sub-
stances toxic to fish. Ozone, however, does have its disadvantages.
Because it has such a short half-life in water, it does not leave
any residual protection. Another disadvantage is that in heavily
polluted waters, it may repture organic molecules into fragments
that are more easily metabolized by microorganisms, thus pramoting
slime growth (92). Ozone, like chlorine, may be poisonous to humans.
However, it must be generated on site, thus it does not present a
transportation hazard. These disadvantages must be weighed against
the fact that ozone, as opposed to chlorine, creates practically no
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secondary pollutants.
d. Coagulation-Sedimentation

Coagulants are added to water and wastewater to aggre-
gate suspended solids so that they may be removed by settling. Sus-
pended solids usually have a negative charge in water, and are attrac-
ted to the positive charge of the coagulant cation (such as the Cat++
in lime). This process has another benefit, as at higher pH values
found in wastewater, viruses take on a negative charge and they may
also be attracted to the cations of the coagulant. Usually coagu-
lation is followed by flocculation, a process that aggregates
coagulated particles together by agitation into a settleable mass
called a "floc." In general, both bacterial and virus removal is
a result of good floc formation which depends on adequate coagulant
concentration, absence of interfering substances such as organic
matter, high pH, and proper agitation (90). Virus removal results
fram the formation and settling of a coordination complex between
the cation and carboxyl groups on the viral protein coat.

Chang et al (99) studied the effects of two-stage
coagulation and flocculation on Ohio River water. A dosage of 25
mg/1 alum or ferric chloride was used at each stage. The results
of this study are given in Table 1l. It can be seen fram this table
that virus removal parallels reduction of turbidity.

In another study by Chaudhuri and Engelbrecht (100),

a dose of 40-50 mg/1 alum in diluted wastewater removed 96-97 per-
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TABLE 11

Direct of Flocculation: Laboratory Study on the Removal of Virus, Bacteria, and Turbidity from Raw Ohio
River Water (99)

% Removal
Turbidity
Coxsackie- (ppm) **
Temperature State of virus Final
C flocculation Coagulant A2* Coliforms Initial Final pH
1 Al;(SO4) 3 96 99 40-135 1-5 6.7-7.4
5 2 FeCl, 94 62 1-5 0.1-1 7.3-7.7
1l and 2 99.6 99.95 0.1-1
1 Al5(S04)3 95 94 140-255 1-5 6.7-7.4
15 2 FeCl; 92 82 1-5 0.1 7.3-7.7
1l and 2 99.6 99.9 0.1 .o
1 Aly(S04) 3 99 99.8 16-240 1-5 6.7-7.3
25 2 FeCl3 94 94 1-5 0.1 7.3-7.8
1 and 2 99.9 99.9 0.1 .e

* Virus seeded into raw water before flocculation.
** Good flocs formed in all experiments.
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cent bacteriophage T, and 90-94 per cent bacteriophage MS,. 1In
undiluted wastewater, percentage removal was greatly reduced due
to the presence of interfering organic matter.

Ferric chloride may produce results similar to alum,
only at higher doses. Marwaring et al (101) observed that a dose
of 50-60 ppm ferric chloride brought about 99.3 percent removal of
bacteriophage MS; in water. However, when 200 mg/1 of sewage was
added to the water, there was only a 67.2 percent reduction of the
virus. These studies point to the fact that the coagulation-sedi-
mentation process is most effective on effluents that have already
been treated to remove organic matter.

Coagulation of activated sludge effluent with lime has
resulted in greater than 95 percent removal of poliovirus 1 when
the lime dosage was above 400 ppm (102). At lime concentrations
over 400-500 ppm, the pH of the water is raised above 11.1, which
is sufficient to destroy viruses quite rapidly.

As viruses are usually only physically removed by
coagulation-sedimentation (except in the case of lime), they remain
active in the sludge. Thus, proper care must be taken with sludge
disposal.

e. Filtration

The main purpose of the filtration process is to remove
suspended solids. Filtration is more efficient when used to remove
viruses and bacteria from coagulated water and wastewater. Its

efficiency will depend on many variables, especially filtration

rate. Gilcreas and Kelley found that rapid sand filtration of coagu-
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latéd spring water resulted in low removal of coxsackie virus AS,
while slow sand filtration resulted in almost 98 percent removal
of the virus (103). Berg found that slow sand filtration of a lime
flocculated effluent resulted in 82-99 percent removal of poliovirus
(102). As lime flocculation had resulted in 70—98.6 percent removal
at doses fram 200-500 mg/l, the total virus removal for coagulation-
sedimentation-filtration was 98.6-99.9 percent.

Same plants filter coagulated raw water without suffi-
cient time for flocs to settle. This may be efficient at first,
but eventually floc breakthrough will occur along with virus break-
through. It has been found that after adequate settling, even rapid
sand filtration of flocculated effluent may be effective; however,
often times coagulation-flocculation alone will bring about the same
result (104). In this process, the virus is not destroyed, but only
physically removed by adsorption of the virus-cation camplex on sand.

2. Removal of Chemical Hazards

a. Removal of Trace Metals

Low levels of trace metals are often present in water
due to industrial discharge. While such levels do not have an imme—
diate public health impact on bathers, they may present long-term
hygienic hazards when they are constantly present in man's water
supply or become concentrated in man's food chain.

Neither primary nor secondary treatment are dependable

processes for the removal of all trace metals. It has been found
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that lead and cadmium can be removed by typical primary treatment
involving neutralization of equalized wastewater. In such a process,
the metals would precipitate out in the hydroxide form (105). How—
ever, such a process is not effective for all metals. Barth et al
(106) in a study of the effects of chramium (Cr +6) copper, zinc,
and nickel on different treatment processes found removal to vary
fram 28% for nickel to 89% for zinc in primary sedimentation fol-
lowed by activated sludge treatment.

More advanced treatment is needed to insure removal of
all metals, and effective removal techniques have yet to be devel-
oped for all metals. Linstedt et al (107), studying the removal of
cadmium, chramium, silver and selenium by an advanced treatment pro-
cess consisting of coagulation and settling with lime, sand fil-
tration, activated carbon and cation-anion exchange found concen-
trations of heavy metals to be greatly reduced by this process.
Lime coagulation alone was quite successful (greater than 90%
removal) in the removal of cadmium ard silver. This degree of
effectiveness was possibly caused because the metals were present
as cations, and could easily be settled out in their hydroxide form.

Linstedt also found activated carbon to be quite effec-
tive in the removal of silver, cadmium and chromium, and ion-ex-
change to be effective in the removal of greater than 95% of all
metals studied. In another study, Hinden found reverse osmosis to

remove 70% cadmium, and 95% chromium from secondary effluents (108).
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Trace metals may al.so have adverse effects on biological
treatment processes. Barth (106) studied the effects of chramium
(Cr +6), copper, nickel and zinc on the activated sludge treatment
process. Lowered treatment efficiency was measured by an increase
in BOD, COD, and turbidity. It was found that the following doses
of these metals would significantly reduce the effectiveness of acti-
vated sludge treatment:

Concentration in

Metal Influent (mg/1)
Chramium (Cr +6) 10
Copper 1
Nickel 1 to 2.5
Zinc 5 to 10

It was also found that activated sludge treatment could
take a much larger slug dose of these metals before effects would
became harmful. Generally, the effects of slug doses depended on
waste volume, the form of the metal, and the volume and character
of the dilution water. Metals may also inhibit the nitrification
process, causing large concentrations of ammonia in the treatment
plant effluent. Large concentrations of ammonia greatly reduce the
effectiveness of disinfection by chlorination.

Barth (106) also studied the effects of trace metals on
the anaercbic digestion of primary and secondary sludges. The
following concentrations of metals were found to be harmful to the

digestion process:
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Concentration in
Influent (mg/1)

Metal Primary Sludge Cambined Sludge
Chramium (Cr +6) 750 750
Copper 10 5
Nickel 740 710
Zinc 10 10

Slug doses did not produce harmful effects, probably
because the digestors were not in the main flow stream of treatment.

b. Removal of Nutrients

In many areas removal of the nutrients nitrogen and phosphorous
from wastewater is essential, since these two elements have critical
control over biological activity in ecosystems. Overabundance of
these elements in the water environment may create excess plant growth
which eventually results in the deterioration of water quality. Ni-
trogen in nitrate form is also a hazard in water used for drinking
water, as concentrations above 10 mg/l as nitrogen may cause methe-
moglobinemia in infants (see page 41). Methods for phosphorous and
nitrogen removal are discussed below.

1. Phosphorous Removal

The removal of phosphorous campcunds may be achieved
through chemical-biological treatment, chemical-physical treatment
or ion-exchange (109).

| Chemical~-biological phosphate removal is accomplished

by addition of a certain chemical to the aeration tank of an activated
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sltﬁge unit or the filter influent of a trickling filter plant.
Within the activated sludge unit, precipitation of phosphorous occurs
in the aeration tank, and phosphorous is removed in the waste acti-
vated sludge. This process can produce an effluent with phosphorous
concentrations of 1-2 mg/1 (109). A variety of chemicals, including
iron and aluminum salts and lime have been reported equally effec-
tive; and phosphorous removals of over 90% have been attained with
the correct chemical to phosphorous ratio.

Another method for phosphorous removal is chemical-
physical treatment in which phosphorous is removed through coagula-
tion-precipitation followed by filtration. Pilot plant studies
performed by Bell et al (110) found removals by this type of system
to exceed 90%.

Yee (111) has demonstrated that ion—-exchange, using
activated alumina type A exchange resin, can achieve 99% removal of
ortho-phosphate. Advantages of ion exchange over chemical preci-
pitation are that ion-exchange is more highly selective for phos-
phorous; it involves no addition of extraneous ions; it has no effect
on the pH of the water; it is not affected by variation in feed
water quality, and it can achieve higher removals. However, fouling
of ion-exchange beds with solids and organic matter, and the dis-
posal of waste regenerant do pose difficult problems, making chemi-
cal precipitation the preferred method of phosphorous removal in

locations where it is feasible.
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2. Nitrogen Removal

Nitrogen removal may be achieved by the nitrification-
denitrification process (109). Most of the nitrogen in wastewater
is in the form of ammonia. Nitrification is the process by which

ammonia is oxidized by the bacteria, Nitrosamonas, to nitrite.

The nitrite is subsequently oxidized to nitrate by the bacteria,
Nitrobacter. The nitrifying bacteria involved in this process use
inorganic carbon present in activated sludge units as an energy source.
Although nitrification does occur in the activated sludge units,
the proc‘ess requires longer aeration times and lower food to mass
ratios than normally found in conventional activated siudge treatment.
Denitrification is a process by which nitrates are con-
verted by bacteria to nitrogen gas. Denitrifying bacteria requires
organic sources of carbon for energy and growth. Since most of the
organic carbon present in wastewater has been oxidized by the acti-
vated sludge process, an external source of organic carbon is needed.
Methanol is most commonly used as a carbon source, and it is usually
added to carbon packed colums, where denitrification takes' place.
One mole of nitrogen requires approximately 5/6 mole of methanol for
camplete denitrification. With proper design, this process can
achieve 90% nitrate removal. One problem involved in this process
is slime formation in the carbon colum. While slime will not
interfere with the adsorbtion capacity of the carbon, its sloughing

off can cause problems in further treatment processes.
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Ammonia stripping is another effective method for nitro-
gen removal. In this process ammonia ions are converted to ammonia
gas. This process begins by raising the pH of the wastewater to high
levels by the addition of lime, as ammonia in water of high pH exists
in a dissolved gaseous state, which can easily be liberated fram
wastewater. The water is then pumped to a cooling tower where it
is broken into fine droplets that allow rapid transfer of ammonia
gas from the water to the air. At warm temperatures, almost 95%
nitrogen removal can be achieved (109). However, at temperatures
below freezing ammonia removal drops considerably. Scale formation
resulting from the addition of lime is also a problem, necessitating
periodic shut down of the cooling tower for cleaning.

B. Land-Oriented Treatment

The Federal Water Pollution Control Act Amendments of 1972,
with their goal of zero discharge, place a greater emphasis on land
treatment of wastes than any previous water pollution legislation.
Section 201 of the Act (Grants for Construction of Treatment Works)
encourages recycling and reclamation of wastewater and the considera-
tion of appropriate alternative waste management techniques providing
for either recycling or reclaiming of wastewater or same other form
of elimination of direct discharge of pollutants.

In Section 212 (2) (2) of the Act, the definition of treat-

ment works includes land used as an integral part of the treatment
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process. Thus, the Amendments of 1972 not only aid the implemen-
tation of land treatment techniques, but encourages land treatment
in areas where it is practicable.

Before the hygienic effects of effluent applied to the land
can be evaluated, it is necessary to know the characteristics of
the water being applied. The constituents of raw sewage and treat-
ment plant effluents depend on the character of the municipal water
supply, the industrial mix of the commnity, the proportion of com-
mercial to residential development, and the nature of the residential
camunity (112).

Pretreatment of raw waste is essential in land application
to protect the public health, remove odors, and to improve the opera-
tional efficiency and reliability of the system (113). It is gen-
erally recommended that secondary or higher treatment be provided
before land application, as this degree of treatment provides greater
efficiency in the removal of hazardous substances. Table 12 lists
drinking and irrigation water standards, as well as concentrations
of substances in secondary treatment plant effluents. If proper
techniques are followed, renovative mechanisms in the soil matrix
will adequately decrease concentrations of hazardous substances.

The major renovation mechanisms at work in the soil matrix include:
uptake by plant roots, precipitation, adsorption, oxidation, ion
exchange, and filtration (113). The effectiveness of these mechanisms
in the removal of materials hazardous to the public health must be

considered in the design of a land application system to insure the
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TABLE 12

Selected Drinking-Irrigation Water Standards

vs. Typical Secondary Effluent Characteristics (27)

Drinking Irrigation Controlling Secondary
water water concentration effluent
Substance (mg/liter) (mg/liter) (mg/liter) (mg/liter)
BOD 1* - 1 25
QoD 1* - 1 70
+NH4 (as N) - - - 9.8
-NO, (as N) - - - 0.0
-NO3 (as N) 10 - 10 8.2
P - - - 10
Phenols 0.001 - 0.001 0.3
Cadmium 0.01 0.005 0.005 0.1
Chromium 0.05 0.005 0.005 0.2
Copper 1.0 0.2 0.2 0.1
Tron 0.3 - 0.3 0.1
Lead 0.05 5.0 0.05 0.1
Manganese 0.05 2.0 0.05 0.2
Nickel - 0.5 0.5 0.2
Zinc 5.0 5.0 5.0 0.2
Boron - 0.75 0.75 0.7
Chlorides 250 - 250 100
Sulfates 250 - 250 125
Suspended solids =%% - 5 25
Color 15 - 15
Taste Unobjectionable - Unobjectionable
COdor 3 - 3
Turbidity 5 - 5
Aluminum - 1.0 1.0
Beryllium - 0.5 0.5
Selenium 0.01 0.05 0.01
Silver 0.05 - 0.05
Vanadium - 10.0 10.0
Arsenic 0.05 1.0 0.05
Barium 1.0 - 1.0
Cyanides 0.2 - 0.2
Cobalt - 0.2 0.2

* Carbon chloroform extract to measure organic contaminants.
** Suspended solids should approach turbidity requirements.
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protection of both water and food supplies.

1. Removal of Biological Hazards

Proper disinfection of effluents may remove almost 99%
of pathogenic bacteria. However, viruses and parasitic ova are
more resistant to the disinfection process.

Pathogens are futher removed from wastewater when applied
to the land by a cambination of straining, die off, sedimentation,
entrapment, and especially adsorption (114). A considerable amount
of field observations indicate that bacteria are removed fram waste-
water as they percolate through the soil. In fact, 92-97% of the
pathogenic organisms present in wastewater effluent have been found
to be removed in the upper 1 am layer of the soil (116) if effluents
are adequately chlorinated. Viruses may be transported to greater
depths due to their smaller size, however, the distance is minimal.
Drewry and Eliassen (117) determined that the passage of wastewater
through 40-50 am of agricultural-type soil is very effective in
virus removal, provided there is an absence of direct chanelling
through fissure, fractures, and dissolution channels or substrata
with low adsorption capacity. They also found that virus retention
in the soil is basically an adsorption process that is greatly
affected by pH and cation content of the water-soil system. Viruses
are amphoteric (functioning as a cation or anion) in behavior. As
the pH of the water-soil system increases, there is an increased

ionization of carboxyl groups on the virus protein sheath, which
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causes the virus to act as an anion (negatively charged particle).
At the same time, the negative charge on soil particles increases
with rising pH. However, the iso-electric point (point at which

a substance is electrically neutral) of soil particles is less
than that of viruses. At pH values between 7.0 and 7.5, viruses
will behave as cations (positively charged particles), and are
adsorbed by the anionic soil particles. Usually the pH of soils

is higher than 7.5, but the cation content of the wastewater may
lower the repulsive forces between soil and virus, allowing adsorp-
tion to take place. Besides pH, virus adsorption was also found
to depend on ion-exchange capacity, clay content, organic carbon
and glycerol retention capacity of the soil (117). Both viruses
and bacteria are adsorbed but not destroyed, their survivial and
potential threat in the soil is discussed in the "Residual Hazards"
section.

2. Removal of Chemical Hazards

Nitrogen Removal

Biologically treated waste usually contains 5-30 mg/1
total nitrogen (21). Nitrogen campounds are of great concern in
the renovation of wastewater by land disposal, as concentrations of
nitrate (NO3) above 10 mg/1 as nitrogen in drinking water present
a potential threat of methemoglobinemia, a disease of infants which

reduces the oxygen carrying capacity of blood.
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Nitrogen in wastewater is found in four forms: organic,
ammonium, nitrate and nitrite. The concentration of nitrate in
wastewater is usually quite low‘ as it is readily oxidized to nitrate
in the presence of oxygen. Organic nitrogen, when applied to the
land, is filtered out and decamposed to ammonium. Ammonium is pre-
ferentially adsorbed by agricultural soils and is bound tightly in
this form. In this adsorbed phase, it is available to plant uptake,
or under aercbic conditions, conversion to nitrate. Nitrates are
not tightly bound to the soil and can be removed by plant uptake,
or denitrification to nitrogen gas. Denitrification depends on both
anaerobic conditions in the soil and its carbon content,as carbon
is the source of energy for denitrifying bacteria. If nitrates are
not denitrified, they may leach to groundwater or eventually reach
surface waters where théy may pose a threat to the public health.

In general, nitrate removal varies fram 0-95 percent depending on
soil type, carbon to nitrogen ratio, depth of soil column, design
and mode of application of the wastewater, and vegetative cover (115).

Removal of Heavy Metals

Heavy metals camprise another category of wastewater con-
stituents that are of concern fram a public health standpoint, as
toxic effects may accampany their ingestion at low intake levels.
Retention of heavy metals in the soil is brough about by adsorption,

ion exchange, and to same extent, precipitation (113). Retention
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depends on the soil characteristics. Clean soils, such as sands and
gravel, have little capacity to fix heavy metals and other inorganics
primarily because they lack in-situ organics and clay minerals which
bring about adsorption and icn-exchange (27). Anaercbic conditions
in the soil tend to lower pH, as such conditions cause micro—-organisms
to generate volatile acids. At low pH, retained metals may be leached.
However, addition of lime can raise pH and ensures fixation of metals
(113). When both surficial and subsurface soil became saturated,
heavy metals may not only leach out to contaminate water supplies

but also destroy micro-organisms needed for ra@al of other con-
taminants (27). According to the Federal Water Pollution Control

Act Amendments of 1972, toxic concentrations of heavy metals should
not be present in secondary effluents, thus eliminating their threat
in land application.

Removal of Total Dissolved Solids

Sodium and other dissolved minerals in water are signi-
ficant when direct reuse is intended. It is estimated that a single
use of water for daomestic purposes will increase its mineral con-
tent by 100-300 mg/l. The most common soluble salts are sodium,
potassium, magnesium, and calcium sulfates and chlorides. These
salts are not retained significantly by the soil. Although same
constituents are removed by ion-exchange, the total dissolved solids
content of the wastewater does not change, as one mineral consti-

tuent is only replaced by another. Therefore, these constituents
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may limit the reuse cycle. High sodium content may be harmful to
those suffering from cardiac, renal, and circulatory disease (27).

Removal of Organics

Suspended organics are almost campletely removed fram
wastewater by filtration. Biodegradable suspended organics are
oxidized by bacteria. This overall removal generally occurs in
the top five to six inches of the soil (118) and a major portion is
removed in just the top few centimeters. Dissolved organics are also
usually removed by adsorption on clay and humic material. Degrada-
ble dissolved organics are easily oxidized under aerobic conditions
by soil micro-organisms. However, the degradation process occurs
quite slowly for resistant substances (113) such as chlorinated
hydrocarbons and phenols. These substances usually remain in the
soil as their leaching rate is slow. Chlorinated hydrocarbons are
of increased concern if the site utilized includes application of
pesticides. Same organics such as cellulose and humic substance are
actually beneficial as they improve soil structure and adsorptive
capacity (115).

3. Effects of Residuals in Soils

Residual Pathogens

After pathogens are removed by the soil matrix, their
survival in the soil and on vegetation becames a hygienic factor.
Survival in the soil depends on the moisture content, temperature,

textural and organic characteristics, aerobic and anaerobic condi-
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Organism

TABLE 13

SURVIVAL TIMES OF ORGANISMS (120)

Media

Survival time

Anthrax bacteria

Ascaris eggs

B. dysenteriae
flexner

B. typhosa

Cholera vibrios

Coliform

Entamoeba
histolytica

Enteroviruses

Hookworm larvae

Leptospira

Liver fluke cysts

In water and sewage
vegetables
irrigated soil
soil

B 588

water
soil
vegetables

spinach, lettuce
cucumbers
nonacid vegetables

§88 8EF

On onions, garlic, oranges,

lemons, lentils, grapes,
rice and dates

On grass

On clover leaves

On clover at 40-60%
humidity

On lucerne

On vegetables (tamatoes)
On surface of soil

At -17 deg C

On vegetables
In water

On roots of bean plants
In soil

On tamato and pea roots
In soil

In river water

In sewage
In drainage water

In dry hay
In improperly dried hay

A-84

water containing humus

19 days

27-35 days
2=-3 years
6 years

160 days

7-30 days
29-70 days
31 days

22-29 days
7 days
2 dEA_YS

Hours to 3 days

14 days
12-14 days

6 days
34 days
35 days
38 days
46-73 days

3 days
Months

At least 4 days

12 days
4-6 days

6 weeks
8 days

30 days
32 days

Few weeks
Over a year



TABLE 13 (Cont'd)

SURVIVAL TIMES OF ORGANISMS (120)

Organism Media Survival time
Poliovirus In polluted water at 20 days
20 deg C
Salmonella On grass (raw sewage) 6 weekst
On clover (settled sewage) 12 days
On vegetables 7-40 days
On beet leaves 3 weeks
On grass Over winter
On surface of soil and
potatoes 40 days+
On carrots 10 days+
On cabbage and gooseberries 5 days+
In sandy soil - sterilized 24 weeks
In sandy soil - unsterilized 5-12 weeks
On surface of soil (raw
sewage 46 days
In lower layers of soil 70 days
On surface of soils (stored
sewage) 15-23 days
In air dried, digested sludge 17 weeks+
Schistosama ova In digestion tanks 3 months
In sludge at 60-75 deg F (dry) 3 weeks
In septic tank 2-3 weeks
Shigella On grass (raw sewage) 6 weeks
On vegetables 7 days
Streptococci In soil 35-63 days
On surface of soil 38 days
S. typhi In water containing humus 87-104 days
Tubercle bacteria On grass 10-14 days
In soil 6 months+
In water 1-3 months
Typhoid bacilli In loam and sand 7-17 days
In muck 40 days
Vibrio comma In river water 32 days
In sewage 5 days
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tions, and the activity of potentially rival micraobial species.

High moisture content, low temperature, and anaerobic conditions

are conducive to longer survival. Campetition for survival is great-
est at the soil surface where there is more food due to decamposi-
tion of organic matter in the presence of oxygen. Rudolphs found

Escherichia coli to survive longer in sterile soil than nonsterile

soil due to lower campetition. Rudolphs also found that Salmonella
may survive in soil for 1/2 year to a year (119). Krone and McGaughy,
however, found one month to be the maximum survival time of pathogenic
organisms in the soil (118). Residual pathogens in the soil are a
lesser threat to the public health as they have less probably con-
tact with people here than in their transport to ground or surface
water.

Although pathogenic organisms cannot penetrate healthy
plants, their survival on edible plant surfaces must also be con-—
sidered. However, if irrigation is stopped one month before har-
vesting, raw fruit and vegetables should not became vectors of dis-
ease due to natural die-off of pathogens. Sepp (120) lists survival
times of various organisms in various types of media in table 13.

Residual Chemicals

Toxic metals may enter the food chain by application of
effluents and sludge to the land, and their subsequent uptake by
plants. Metals applied to land used for agriculture are not a

hazard to the public health unless they enter the edible part of
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the plant. Elements in sludge and effluents that are potential
hazards are boron, cadmium, cobalt, chramium, copper, mercury,
nickel, lead and zinc (121). Chromium in its Cr*3 form does not
accumlate in plants, nor does mercury accumulate appreciably in -
plants at levels normally found in sludges and effluents. Iead is
not readily translocated to the edible parts of plants, and high
phosphate levels in sludge and effluent can inhibit its uptake.
Boron, copper, cobalt, nickel and zinc do accumulate in plants, but
rarely reach levels injurious to man, as severe injury to the plant
will occur before these levels are reached. Therefore, the only
potential hazard to man is cadmium. Cadmium can concentrate in the
edilsle portions of plants, and can accumulate in cattle fed on
grains high in cadmium content. There is no FDA limit for cadmium
in plants. The best recommendation is to keep the cadmium content
at less than 0.5 percent, and preferably 0.1 percent, of the zinc
content. By doing this, the zinc concentrations would ruin a crop
before cadmium could became a health hazard (121). Although toxic
metal concentrations seem to be a minor hazard to man when he is a
primary feeder, it must be remembered that same of these substances
may became concentrated along the food chain, presenting a threat
to man as a secondary feeder.

4. Camparison of Land-Oriented Treatment

The three methods of land application are campared here

on the basis of removal efficiency.
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Spray Irrigation

Spray irrigation is the controlled spraying of liquid
onto the land to support plant growth, at a rate measured in inches
of liquid per week, with the flow path being infiltration and per-
colation within the boundaries of the disposal site (113). Rate of
application of wastewater is usually two inches per week on soils,
such as silt loam, with infiltration and percolation capacity suf-
ficient to handle the design of loading of two inches of wastewater
in an eight-hour period.

This method of land application is the most efficient
in removing harmful substances (113). If bgroundwater is kept low,
there will be no threat of pathogens as they are removed within the
top: few feet under optimum conditions. Loamy soils because of their
large active surface area have considerable retention capacity for
heavy metals by ion exchange and adsorption, especially when applica-
tion rates are low.

A considerable amount of nitrogen removal results fram
plant uptake.

This method is also the best system for removal of
organic campounds as aercbic conditions which are conducive to bio-
degradation exist in the soil most of the time due to alternating
wet and dry periods. Also, the soil provides the right amount of
penetration, and adequate contact and retention time for decamposi-

tion of organics (115).
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In general, spray irrigation is most efficient because
of soil texture, low application rates and removal of nutrients by
crops (113).

Rapid Infiltration

Rapid infiltration is the controlled discharge, by
spreading or other means of liquid onto the land at a rate measured
in feet per week, with a flow path being high rate infiltration and
percolation (113). Land application by this method is often referred
to as groundwater recharge. Wastewater is usually applied to ponds
for 10 to 14 days, during which anaerobic conditions exist. The
pond is then allowed to dry for a period of time so that organic
matter may be oxidized. Since higher percolation rates are required,
coarser soil with lower clay content is needed. This type of soil
has a greatly reduced active surface area and requires several hun-
dred feet of contact to achieve the same renovation that five feet
of spray irrigation column does.

Removal efficiency (percent removed/distance traveled)
of pathogens by rapid infiltration is praobably least efficient of
land application methods; however, the distance traveled is longer,
and the detention times is longer, so that percent removal is ulti-
mately the same (115). Toxic metals must penetrate two to 30 times
farther than in soils used for spray irrigation before they are
removed due to the granular nature of the soil (113). This system
is intermediate in removal of organics again due to coarser tex-

tured soils. Nitrate removal depends on the maintenance of the
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right balance of aerobic-anaercbic conditions in the soil. Aercbic
conditions are necessary for conversion of ammonia to nitrate;

and anaerobic conditions are necessary for denitrification, the prime
mechanism for nitrate removal by rapid infiltration systems. Thus,
nitrate removal will vary according to frequency of loading which
determines the balance of aerobic—anaerobic conditions.

Overland Runoff

Overland runoff is the discharge by spraying or other
means of liquid onto the land, at a rate measured in inches per week,
with the flow path being downslope sheet flow (113). The clay soils
used in this system are almost impervious. Thus, renovation is less
efficient, as it is achieved mainly by movement of water over the
soil surface, and plant growth, and the oxidation of solids. There
is greater threat of contamination by pathogens; removal of organics
and heavy metals is reduced; and total dissolved solids removal is
least efficient (113). Nitrogen removal is camparable with other
land application systems.

Estimated percentage removal of different substances by
the three land application methods discussed is given in Table 14. (27).

These removals are not always possible, as optimm con-
ditions may not always be maintained. Reported or estimated removal

at currently existing operations is given in Table 15 (27).
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TABLE 14 (27)

% Reamoval

ST oR RL
BCD 98+ 98+ 90-95
Cob 95+ 95+ 90+
N 85+ 85+ 75-80
P 99+ 85+ 95+
Metals 95+ 85+ 95+
Suspended Solids 99 95+ 99
Pathogens 99 99 99

SI - Spray Irrigation
OR = Overland Runoff
RI - Rapid Infiltration
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TABLE 15 (27)

% Removal

ST 3 R
BOD 98+ 98 80-85
Ccob 95+ 92 50-60
N 85+ 80 75-80
P 99+ 40-80 50-60
Metals 95+ 50 50-60
Suspended Solids 99 94 99

Pathogens 99 99 99

SI - Spray Irrigation
OR - Overland Runoff
RI - Rapid Infiltration
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IIT. EPA POLICY ON WATER REUSE

The U. S. Environmental Protection Agency, recognizing the ever-
increasing demand for water through population growth and changing
life styles has made the following policy statements on water reuse:

1. EPA supports and encourages the continued development
and practice of successive wastewater reclamation, reuse, recycling
and recharge as a major element in water resource management, pro—
viding the reclamation systems are designed and operated so as to
avoid health hazards to the people or damage to the environment.

2. In particular, EPA recognizes and supports the potential
for wastewater reuse in agriculture, industrial, municipal, recrea-
tional and groundwater recharge applications.

3. EPA does not currently support the direct interconnection
of wastewater reclamation plants with municipal water treatment plants.
The potable use of renovated wastewaters blended with other accepta-
ble supplies in reservoirs may be employed once research and demon-
stration has shown that it can be done without hazard to health.

EPA believes that other factcrs must also receive consideration,
such as the ecological impact of various alternatives, quality of
available sources and econamics.

4, EPA will continue to support reuse research and demon-
stration projects including procedures for the rapid identification
and removal of viruses and organics, epidemiological and toxicologi-
cal analyses of effects, advanced waste and drinking water treatment
process design and operation, development of water quality require-

ments for various reuse opportunities, and cost-effectiveness studies.
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IV. PUBLIC HEALTH CONSIDERATIONS IN SLUDGE UTILIZATION AND DISPOSAL

Sludge is a liquid containing contaminants removed from waste-
water by physical, chemical, and biological treatments. Since a
typical waste activated sludge fram biological treatment contains
well over 100 tons of water for each ton of solids, sludge disposal
is mainly a problem of disposing of the water that is in close asso-
ciation with waste solids (122). Estimates of sludge produced in
the United States per day range from 10,000 tons/day to 20,000 tons/
day. These estimates do not include industrial users of municipal
treatment plants (123).

Damestic sewage sludge is primarily organic in nature, although
significant quantities of toxic chemicals such as heavy metals and
chlorinated hydrocarbons may be present due to plumbing systems and
streat and agricultural runoff. In areas where industrial waste-
waters are treated, concentrations of toxic substances in treatment
plant sludges are increased. Furthermore, many of the pathogenic
organisms found in sewage may survive wastewater treatment pro-
cesses, and are quite camonly found in sludge. Because sludge
potentially contains so many hazardous substances, its disposal may
have adverse effects on various phases of the environment.

Recent concern over the envirommental impact of residues or
sludges from wastewater treatment plant processes has led to many
reports, legislation, and regulations regarding its ultimate disposal
(123).
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In 1970 the Council on Envirommental Quality, in its report,
"Ocean Dumping ~ A National Policy", recommended that ocean dumping
of undigested sewage sludge be stopped as soon as possible and no
new sources allowed, and that ocean dumping of digested or stabilized
sludge be phased out and no new sources allowed. In accordance with
these recamendations, the Environmental Protection Agency issued
an interim policy in 1971 prohibiting the issuance of grants for
treatment works which would dispose of sludge to the ocean.

The Federal Water Pollution Control Act Amendments of 1972 con-
tain many provisions that are directly related to the ultimate dis-
posal of treatment plant residues. These provisions are listed
below:

1. Under Title II of the Act the Administrator of the
Environmental Protection Agency makes grants for the construction
of treatment works.

2. Under Section 203(a) of the Act, each applicant for a
grant submits to the Administrator for his approval, plans, speci-
fications and estimates for each proposed project for the construc-
tion of treatment works for which a grant is applied.

3. Under Section 201(d) (4), the Administrator shall en-
courage waste treatment management which results in the construction
of revenue producing facilities providing for the ultimate disposal
of sludge in a mamner that will not result in envirommental hazards.

4. 1In Section 212(2) (A), the term, treatment works, is
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defined to include site acquisition of the land that will be an
integral part of the treatment process or is used for ultimate ids-
posal of residues resulting from such works.

5. Section 405 of the Act requires that there be no ocean
discharge of sludge without a permit, and permits are to be issued
only when it is in the public interest.

6. Finally, Section 301 requires that all publicly owned
treatment plants process their waters so that effluent limitations
based on secondary treatment are achieved by 1977. Secondary treat-
ment will result in large increases of sewage sludge, since, under
the definition of secondary treatment, 85 percent of suspended
solids will have to be removed from municipal wastewater effluents.

Due to the influence of the CEQ report, and the sections of the
Act. requiring permits for ocean disposal of treatment plant sludge
and a minimum of secondary treatment for all publicly-owned treat-
ment plants by 1977, the quantity of sewage sludge to be disposed
of is constantly increasing. Sections 201 and 212 of the Act en-
courage land disposal. However, the legislation does not specify
exactly what methods of sludge utilization or disposal are environ-
mentally acceptable. The Envirommental Protection Agency estab-—
lished a work group in 1972 to develop a positive Agency policy
concerning acceptable methods, based upon current knowledge, for
the utilization or disposal of sludges from publicly owned waste-

water treatment plants. This work group has published a sludge
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policy statement which defines acceptable methods for the utiliza-
tion or disposal of sludge. It is divided into two essential parts;
the first part describes sludge utilization methods, in which sludge
is used to serve a useful purpose beyond mere disposal, and the
second part describes methods which provide only for disposal.
Both parts include only methods which are considered acceptable
from an envirommental and, in particular, a public health stand-
point.

These methods are discussed below along with their public health
implications.

A. Sludge Utilization Methods

These methods include stabilization and subsequent land ap—
plication of sludges for agriculture, enhancement of parks, forests,
and reclamation of poor or damaged terrain (123).

Stabilization of sludge reduces public health hazards and
nuisance conditions such as odors and insects. To be acceptable,
the stabilization method used must reduce influent volatiles by 40
percent, and fecal coliform counts by at least 97%. Methods of
sludge stabilization are:

1. Anaerobic Digestion

Anaercbic (or oxygen-free) digestion is the controlled
putrefaction of raw sludge. If sewage is held in a well designed
and operated digester for 30 days at a temperature of at least 30°C,

up to half the organic matter of volatile solids will be converted
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to gases by methane fermentation, and the fecal coliform count will
be reduced by over 97% due to natural die—off with time (123). How—
ever, it has been found that anaercbic digestion will not destroy
all pathogens such as parasites and viruses. Chang (124) found that
although a 30 day detention period destroyed helminth ova, ascaris
ova were not affected by a 3 month detention time. He also found
the coxsackie Bg virus to survive 30 days of anaercbic digestion.
This stabilization process is also sensitive to toxic substances,
such as heavy metals.

2. stine :

Sludge can be further stabilized by various camposting
systems. If camposting is used, temperatures above 55°C must be
reached as a result of oxidative bacterial action. After composting
the material must be cured in a stockpile for at least 30 days to
control odors (123).

3. Aercbic Digestion

Aerobic stabilization involves aeration of waste sludges
until a large part of volatile solids have been destroyed. This
process is more stable than anaerobic digestion as it is not sensi-
tive to toxic influents; however, it does not generate its own fuel
gas for aeration (122).

4., Lime Treatment

As an alternative to digestion, sludge may be stabilized

by lime to a pH near 12. Lime treatment provides a high level of
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disinfection, but it does not destroy organic matter. However, if
limed sludge is spread on a well aerated soil, aerobic organisms
will consume organic matter, and no odors should be produced. In
addition, most soils and crops are benefited by the addition of
lime (122).

5. Pastuerization

Pastuerization (thermal treatment at high temperatures)
is used quite commonly in Europe for digested sludge that is spread
on pastures during grazing seasons. Twenty-five to thirty minutes
heating at 70°C is recommended to kill almost all pathogens. Heat
treatment above 160°C for one half hour will destroy all living
organisms. If oxygen is present, a considerable amount of organic
matter will also be oxidized (122).

After stabilization, liquid digested sludge may be
applied to the land by plow injection, ridge and furrow spreading,
or spray application. Dried sludge or camposted material fram di-
gested sludge may either be spread on the land or incorporated in
the soil. Public health precautions in land application of sludges
include (123):

(1) Workers must be protected during transportation
and application Qf sludge.

(2) Public access to both open storage lagoons and
the application site itself must be prevented.

(3) When spray application is used, transport of
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aerosols must be minimized with low pressure, large droplet spray
devices, and placement of spray nozzles close to the ground, directed
in a downward direction. Wide buffer zones around the application
site will also minimize the hazards of aerosols.

(4) Wwhen sludge is used on crops, measures must be
taken to prevent harmful contaminants fram entering the food chain.
All sludge application projects involving crops in the human food
chain must be reviewed by the U. S. Department of Agriculture, and
the Food and Drug Administration. The USDA has set the following

maximm levels for metals in sludges applied to crops in the human

food chain:
Element Level (mg/kqg)

cd 10

Cu 1,000

Hg 10

Ni 200

Pb 1,000

Zn 2,000

(Further discussion of the hazards of metals in land application
to food crops is found on page 87)

It is generally required that industrial users of
wastewater treatment plants pretreat their wastes to minimize heavy
metals and other toxic chemicals.

The Food and Drug Administration is presently develop-
ing limits for trace elements in foods. Also, since conventional
wastewater treatment does not produce a pathogen-free sludge, FDA
does not approve of the application of sludge to crops which may

be eaten raw by humans. Pathogens may survive on the surfaces of
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plants and fruits for time periods of a few hours to several months
(see Table 14). Generally, longer survival times depend on low
temperatures, high soil moisture, neutral soil, presence of large
amounts of organic matter, and in lack of campetitor microorganisms.

(5) Ponding on application sites must be eliminated
to prevent mosquito breeding. Ponding may be prevented by proper
grading, effective maintenance, and light application rates.

(6) Groundwater which is in the zone of saturation
must be protected so that water quality parameters will not exceed
standards set by EPA. Soil depth to fissured rock, highly permeable
gravel, or groundwater itself must be sufficient to prevent contam-
ination. The pH of the cambined sludge and soil mixture should be
above 6.5 to prevent solubilization of metal ions. The nitrogen
content of the sludge may limit application rates, as high nitrates
are harmful in drinking water. Groundwater near sludge application
sites must be carefully monitored for pathogens and other toxic
substances.

(7) Surface water runoff must also be controlled
to prevent migration of sludge material to surface water supplies.
This may be done by containment, controlled release of runoff, and
erosion control methods. A typical land application site should be
flat to minimize runoff, and the soil should be permeable. Vegeta-
tive covers are recammended to stabilize the soil and to control

erosion and runoff. Surface water near application sites must also
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be monitored for pathogens and toxic materials.

B. Sludge Disposal Methods

Disposal methods include sludge landfills involving mixed
sludge and solid wastes or sludge incineration with disposal of re-
sultant ash. Ocean disposal is considered acceptable by EPA for
treatment works currently using this method when sludge meets the
criteria specified by EPA in its ocean dumping regulations.

1. Sludge Landfills

Sanitary landfills of sludge containing no free moisture
either separately or mixed with solid wastes must be designed and
operated according to EPA Guidelines for Land Disposal of Solid
Wastes (123). To protect the public health:

(1) Sludge must be stabilized.

(2) A daily soil cover must be applied to the landfill.

(3) Workers must be supplied with individual protection.

(4) Both groundwater and surface water must be protected
and monitored as in land application of sludges.

2. Sludge Incineration and Disposal of Ash

Incineration alone is a sludge volume reduction method,
not a method for ultimate disposal. Ash, either in its dry form,
or in scrubber water, may be disposed of in a sanitary landfill.

To protect the public health, the following conditions

should be met (123):

(1) The incinerator must be designed to operate at a
tamperature of 1600°F; and the minimm residence
time at this temperature must be 2 seconds. Such
conditions destroy most organic chemicals.
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(2)

Emissions fram the incinerator must meet the air
pollution emissions standards of performance—"New
Source Performance Standards for Sludge Incinerators".
Fly ash may be removed fram incinerators by wet
scrubbers, cyclones, electrostatic precipitators,

or bag filters. However, wet scrubbers are the

best removal devices as they remove, in addition to
ash, nitrogen and sulfur campounds, and hydro-
chloric acid. Stack emissions must be constantly
monitored.

Industry must pretreat its wastewaters to remove

such toxic elements as mercury and persistant
organics which vaporize on incineration.
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RULES AND REGULATIONS
FOR THE ESTABLISHMENT OF
MINIMUM WATER QUALITY STANDARDS
AND FOR THE PROTECTION OF THE
QUALITY AND VALUE OF WATER RESOURCES

REGULATION 1 Definitioms

"~

-10.

11.

The terms used in the following regulations are defined as follows:

Appropriate Treatment - means that degree of treatment required for the waters
of the Commonwealth to meet their assigned classifications or any terms, condi-

“tions, or effluent limitations established as part of any permit to discharge

issued under the provisions of the Massachusetts Clean Waters Act, or any ef-
fluent standard or prohibition established by the Division under authority of
Section 27 (6) of the Massachusetts Clean Waters Act.

Division - means the Commonwealth of Massachusetts, Division of Water Pollution
Control.

Person - means any agency or political subdivision of the Commonwealth, public
or private corporation or authority, individual, partnership or association, or
other entity. including any officer of a public or private agency or organiza-
tion, upon whom a duty may be imposed by or pursuant to .any provision or Sec-
tions 26-53 inclusive, of Chapter 21 of the General Laws.

Sewage - means the water-carried waste products or discharges from human beings
sink wastes, wash water, laundry waste and similar so-called domestic waste.

The '"Waters of the Commonwealth' and 'Waters" - means all waters within the

jurisdiction of the Commonwealth, including, without limitation, rivers , streams,

lakes, ponds, springzs, impoundments, estuaries, coastal waters, and ground
waters.

Fresh Waters - means waters not subject to the rise and fall of the tide.

‘salt Waters - means all waters subject to the rise and fall of the tide.

Cold Water Stream - means a stream capable of sustaining a population of %old
water fish, primarily Salmonids. :

Seasonal Cold Water Stream - means 2 stream which is only capable of sustaining
cold water fish during the period of Septenber 15 through June 30.

Waste Treatment Facility - processes, plants, or works, installed for the purpose

of treating, neutralizing, stabilizing or dlsp051ro of wastewater.

Pollutant - means any element or property of sewa;e, agricultural, industria!l,
or commercial waste, run-off, leachate, heated efiluent, or other matter in
whatever form and whether originating at a point or non-point source, which

is or may be discharged drained or otherwise introduced into tne waters of

the Commonwealth.

Discharge - means the flow or release of any pollutant into the waters of the
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‘ 13.

14.

Commonweal th.

Wastewater - means sewage, liquid or water carried waste from industrial,

commercial, mun1c1pal, private or other sources.

Zone of Passage - means & continuous water route of the volume, area and

quality necessary to allow passage of free-swimming and drifting organisms ' ’
with no significant effect produced on the populatlon.

!

'Regulation 11 - Water Quality Standards .

1 - The Water Quality Standards adopted by the Massachusetts Division of Water

Pollution Control on March 3, 1967 and filed with the Secretary of State on March

6, 1967 are hereby repealed, except'that existing "River Basin Classifications™ based

on the 1967 Standards will remain in full force and effect until reélassified in

accordance with the following standards.

2 - To achieve the objectives of the Massachusetts Clean Waters Act and the Federal

Water Pollution Control Act Amendments of 1972 and to assure the best use of the

waters of the Commonwealth the following standards are adopted and shall be applic-

able to all waters of the Commonwealth or to different segments ‘of the same waters:

" 3 - Fresh Vater Standards

Class A - These waters are designated for use as sources of public water supply in

N

Water Quality -Criteria

Jtem

1.

2.

3.

Dissolved oxygen

—

-

TTSludge deposits-solid refuse-
floating solids-oil-grease-scum

Color and turbidity

A~116

- . accordance with the .provisions of Chapter 111 of the General Laws.

Criteria

Not less than 75% of saturation
during at least 16 hours of any

24 hour period and not less than

5 mg/l at any time. For cold water
streams the dissolved oxygen con-
centration shall not be less than

6 mg/l. For seasonal cold water
streams the dissolved oxygen comn-
centration shall not be less than

6 mg/l during the season.

‘None allowable

None other than of natural origin.



>

Total Coliform bacteria per 100 ml.
Taste and odor

pH

Allowable temperature increase

Chemical constituentsb

—

Radioactivity

Not to exceed an average value of
50 during any monthly sampling
period. .

None other than of natural origin
As naturally occurs

None other than of natural origin.
None in concentrations or combin-
ations which would be harmful or
offensive to humans; or harmful

to animal or aquatic life.

None other than that occurring
from natural phenomena.

Class B - These waters are suitable for bathing and recreational purposes, water

contact activities, acceptable for public water supply with treatment and disin-

fection, are an excéllent fish and wildlife habitat, have excellent aesthetic vaiues

and are suitable for certain agricultural and industrial uses.

Item

1.

2.

N

Dissolved oxygen

thdge deposits-solid refuse-
floating solids-oil-grease-
scum

A-117

Criteria *

Not less than 757 of saturation
during at least 16 hours of any

24 hour period and not less than

5 mg/l at any time. Tor cold water
streams the dissolved oxygen con-~
centration shall not be less than.
6 mg/l. For seasonal cold water
streams the dissolved oxysen con-
centration shall not be less than

6 mg/l during the season.

None other than of natural origin
or those amounts which may result
from the discharge from waste
treatment facilities providing
appropriate treatment. For oil
and grease of petroleum origin the
maximum allowable concentration

is 15 mg/L.



Color and turbidity

Coliform bacteria per 100 ml

Taste and odor

pHl

Allowable temperature increase

Chemigal constituents

'

i

Radioactivity

None in such concentrations that
would impair any uses specifically
assigned to this class.

Not to exceed an average value of
1000 nor more than 1000 in 207% of
the samples.

None in such concentrations that
would impair any uses specifically
assigned to this class and none
that would cause taste and odor

in edible fish.

6.5 - 8.0

None except where the increase

will not exceed the recommended
limit on the most sensitive re-
ceiving water use and in no case
exceed 83°F in warm water fisher-
ies, and 68°F in cold water fish-
eries, or in any case raise the
normal temperature of the receiving
water more than 4°F,

None in concentrations or combin~
ations which would be harmful or
offensive to human, or harmful to
animal or aquatic life or any water
use specifically assigned to this
class.

None in concentrations or combin-
ations in excess of the limits
specified by the United States
‘Public Health Service Drinking

Water Standards.

Class Bl - The use and criteria for Class Bl shall be the same as for Class B with

the exception of the dissolved oxygen requirement whi¢h shall be as follows for

this class:

Item

1.

Dissolved oxygen
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Criteria

Not less than 5 mg/l during at
least 16 hours of- any 24 hour
period, nor less than 3 mg/l

-at any time. For seasonal cold

water fisheries at least 6 mg/l
must be maintained during the
season,



‘-

Salt Water Standards

Class SA - These are waters of the highest quality and are suitable for any high
Llass i

water quality use including bathing and other water contact activities. These waters

are suitable for approved shellfish areas and the taking of shellfish without depur-

ation, have the highest aesthetic value and are an excellent fish and wildlife habitat.

-

‘-

Item
1. Dissolved oxygen
2. Sludge deposits-solid refuse-

floating solids-oil-grease-scum
3. Color and turbidity
4. Total Coliform bacteria per 100 ml
5. Taste and odor
6. pH

’ .

7. Allowable temperature increase
8. Chemical constituents

WATER QUALITY CRITERIA
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Criteria
Not less than 6.5 mg/l at any time.

None other than of natural origin
or those amounts which may result
from the discharge from waste treat-
ment facilities providing approp-
riate treatment. For oil and grease
of petroleum origin the maximum -
allowable concentration is 15 mg/l.

None in such concentrations that
will impair any uses specifically
assigned to this class.

Not to exceed a median value of 70
and not more than 10% of the samples
shall ordinarily exceed 230 during
any monthly sampling period.

‘None allowable
6.8 - 8.5

None except where the increase will
not exceed the recommended limits
on the most sensitive water use.

None in concentrations or combina-
tions which would be harmful to
human, animal or aquatic life or
which would make the waters unsafe
or unsuitable for fish or shell-
fish or their propagation, impair
the palatability of same, or impair
the waters for any other uses.



9. Radioactivity

None in concentrations or comb-
inations in excess of the limits
specified by the United States
Public Health Service Drinking

- Water Standards.

€lass SB - These waters are suitable for bathing and recreational purposes including

water contact sports and industrial cooling, have good aesthetic value, are an

excellent fish habitat and are suitable for certain shell fisheries with depuration

(Restricted Shellfish Areas).
| |
Water Quality Criteria

Item

1. Dissolved oxygen

2. Sludge deposits-solid refuse-
floating solids-oils-grease-scum

3. Color #nd turbidity
. ’ BN

4. . Total Coliform bacteria per 100 ml

*

5.~ Taste and odor

6. pH

A-122

Criteria

Not less than 5.0 mg/l at any
time.

None other than of natural originm
or those amounts which may result
from the discharge from waste treat-

- ment facilities providing adequate

treatment. For oil and grease of
petroleum origin the maximum allow-
able concentration is 15 mg/l.

None in such concentrations that
would impair any uses specifically
assigned to this class.

Not -to exceed an average value of
700 and not more than 1000 in more
than 207 of the samples.

None in such concentrations that
would impair any uses specifically

-assigned to this class and none.

that would cause taste and odor in
edible fish or shellfish.

6.8 - 8.5



Salt Water Standards

Class SA - These are waters of the highest quality and are suitable for any high

water quality use including bathing and other waterrcontact activities, These waters

are suitable for approved shellfish areas and the taking of shellfish without depur-

ation, have the highest aesthetic value and are an excellent fish and wildlife habitat.

Item

1.

2.

Dissolved oxygen

Sludge deposits-solid refuse-
floating solids-oil-grease-scum

Color and turbidity

Total Coliform bacteria per 100 ml

Taste and odor

pH

Allowable temperature increase

Chemical constituents

-

WATER QUALITY CRITERIA
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Criteria
Not less than 6.5 mg/l at any time.

None other than of natural origin

or those amounts which may result
from the discharge from waste treat-
ment facilities providing approp-
riate treatment. For oil and grease
of petroleum origin the maximum -
allowable concentration is 15 mg/l.

None in such concentrations that
will impair any uses specifically
assigned to this class.

Not to exceed a median value of 70
and not more than 10% of the samples
shall ordinarily exceed 230 during
any monthly sampling period.

‘None allowable
6.8 - 8.5

None except where the increase will
not exceed the recommended limits
on the most sensitive water use.

None in concentrations or combina-
tions which would be harmful to
human, animal or aquatic life or
which would make the waters unsafe’
or unsuitable for fish or shell-
fish or their propagation, impair
the palatability of same, or impair
the waters for any other uses.



9, Radioactivity

None in concentrations or comb-
inations in excess of the limits
specified by the United States
Public Health Service Drinking

- Water Standards.

€Class SB - These waters are suitable for bathing and recreational purposes including

water contact sports and industrial cooling, have good aesthetic value, are an

excellent fish habitat and are suitable for certain shell fisheries with depuration

(Restricted Shcllfish Areas).

Water Quality Criteria

Item
‘1. Dissolved oxygen
2. Sludge deposits-solid refuse-
floating solids-oils-grease-scum
3. Color ®#nd turbidity
[] - .
4. . Total Coliform bacteria per 100 ml
5.~ Taste and odor
6. pH

A-122

Criteria
Not less than 5.0 mg/l at any
time.

None other than of natural origin

or those amounts which may result
from the discharge from waste treat-
ment facilities providing adequate
treatment, For oil and grease of
petroleum origin the maximum allow-
able concentration is 15 mg/l.

None in such concentrations that
would impair any uses specifically
assigned to this class.

Not -to exceed an average value of
700 and not more than 1000 in more
than 207 of the samples.

None in such concentrations that
would impair any uses specifically

.assigned to this class and none.

that would cause taste and odor irn
edible fish or shellfish.

6.8 - 8.5



i

‘

7. Allowable temperatutre increase

8. Chemical constituents

9. Radioactivity

None except where the increase
will not exceed the recommended
limits on the most sensitive
water use,

None in concentrations or combin-
ations which would be harmful to
human, animal or aquatic life or
which would make the waters unsafe
or unsuitable for fish or shellfish
or their propagation, impair the
palatability of same, or impair the
water for any other use.

None in such concentrations or
combinations in excess of the limits
specified by the United States
Public Health Service Drinking
Water Standards.

Class SC - These waters are suitable for aesthetic enjoyments, for recreational

boating, as a habitat for wildlife and common food and game fishes indigenous to

the region, and are suitable for certain industrial uses.
. .

WATER QUALITY CRITERIA

Item

<o

L. Dissolved oxygen

i
)

2. Sludge deposits-solid refuse-
floating solids-oil-grease-scum

3. Color and turbidity

L4. Total Coliform bacteria

A-123

Criteria

Not less than 5 mg/l1 during at
least 16 hours of any 24 hour
period nor less than 3 mg/l at
any time.

None other than of natural origin
or those amounts which may result
from the discharge from waste
treatment facilities providing
appropriate treatment, For ofl
and grease of petroleum origin
the maximum allowable concentra-

- tion is 15 mg/l.

None in such concentrations that
would impair any uses specifically
assigned to this class.

~None in such concentrations that

would impair any uses specifically
assigned to this class., see Note 2



3.

9.

Taste and odor

pH

Allowable temperature increase

—

Chemicgt constituents

Radioactivity

5

None in such concentrations that
would impair any uses specifically
assigned to this class and none
that would cause taste and odor

in edible fish or shellfish,

6.5 - 8,5

~None except where the increase will
not exceed the recommended limits

on the most sensitive water use. -

None in concentrations or combin-
ations which would be harmful to
human, animal or aquatic life or
which would make the waters unsafe
or unsuitable for fish or shellfiish
or their propagation, impair the
pdlatability of same, or impair the
water for any other use.

~ None is such concentratiouns or

combinations in excess of the limits
specified by the United States
Public Health Service Drinking
Water Standards.,

Note 2°- no bacteria limit has been placed on Class "SC" waters because of the urban

runoff and combined sewer problems which have rot yet been solved. In waters of

this class not subject to urban runoff or combined sewer discharges the bacterial

quality of the water should be less than an average of 5,000 coliform bacteria/100 ml

during any monthly‘sampling period, It is the objective of the Division to eliminate

all point and non-point sources of pollution and to impose bacterial limits on all

—~waters.,

REE S

-
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REGULATION III - General Provisions

!
It is recognized that certain waters of the Commonwealth possess an existing
quality which is better than the standards assigned thereto.

Except as otherwise provided herein, no new discharge of‘wastewaéer will be
permitted into any stream, river or tributary upstream of the most upstream
discharge of wastewater from a municipal waste treatment faciiity or muniﬁipal
sewer discharging wastes requiring appropriate treatment as determined by the
Divigion. Any person having an existing wastewater discharge shall be required
to cease said discharge and connect to a municipal.sewer unless it is shown by
said person that such connection is not available or feasible. Existing dis-
charges not connected to ; municipal sewer will'be provided with the highest

and best practical means of waste treétment to maintain high water quality.

New discharges from a municipal waste treatment facility into such waters will
be perm{tted provided that such discharée is in accordance with a plan developed
under the provisions of Section 27(10) of Chapter 21 of the General Laws

(Massachusetts Clean Waters Act) which has been the subject of a Public Hear-

ing and approved by the Division. The discharge of industrial liquid coolent
L] -,

.wastes in conjunction with the public and private supply of heat or electrical

.power may be allowed provided that a permit has been issued by the Division

and that such discharge is in conformance with the terms and conditions of the

bﬁérmit and in conformance with the water quality standards of the receiving

waters.

“Except as otherwise provided herein no new discharge of wastewater will be

permitted in Class SA or SB waters. Any person having an existing discharge
of wastewater into Class SA or SB waters will be required to cease said

discharge and to connect to a municipal sewer unless it is shown by said
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person that such connection is not available or feasible. Existing discharges
not connected to a municipal sewer will be provided with the highest and best
practical means of waste treatment to maintain high water quality. New dié;
charges from a waste treatment facility into such waters will be permitted
provided thag such discharge is in accoréanceAwith a'plan developed under the
pfoviéions’of Section 27(10) of Chapter 21 of the Ceneral laws (Massachusetts
Clean Waters Act) which has been the subject of a Public Hearing and apptoved

-by the Division. The discharge of industrial liquid coolent wastes in conjunc—'

- tion with the public and private supply of heat or electrical power may be

allowed provided that a permit has been issued by the Division and that such
discharge is in conformance with the terms and conditions of the permit and in
conformance with the Water Quality Standards of the receiving waters.

The latest edition of the Federal publication "Water Quality Criteria” will

. be considered in the interpretation-and application of bioassay results.

The latest edition»of Standard Methods For Examination of Water and Waste-

wéter, American Public Health Association, will be followed in the collection,

preservation, and analysis of samples. Where a method is not given in the
[ - .

~ standards methods, the latest procedures of the American Society for Test-

ing Materials (ASTM) will be followed.
The average minimum consecutive 7-aay flow to be expected once in 10 years
shall be used in the interpretation of the siandards.

In the discharge of waste treatment plant effluents into receiving waters,

consideration shall be given both in time and distance to allow for mixing

of effluent and stream. Such distances required for complete mixing shall

not effect the water use classifications adopted by the Division. However,

a zone of passage must be provided wherever mixing zones are allowed.
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" 6. There shall be no new discharges of nutrients into lakes or ponds. In ad-
dition, there sha}l be no new discharge of nutrients to tributaries of lakes
or ponds that would encourage eutrophication or growth of weeds or algaé in
these lakes:or ponds.

7. Any existing ‘discharge containing nutrients in con;entragions‘which encourage
eutrophication or growth of weeds or algae shall be treated to remove such
nutrients .to th; maximum extent ;echnically feasible. |

8. Thesé Water Quality Standards do not abply to ;onditions brought about by
natural causes. :

9, All waters shall be substantialiy free of products that will (1) unduly

| affect the composition of bottom fauna, (2) unduly affect the physical or
chemical measure of the bottom, (3) interfere with the spawning of fish
or their eggs.

10. No persé; shall discharge any pollqtanté into any waters of the Common-
wealth which shall cause a violation of the standards.

11, A.person sﬁall submit to the Division for appro#al all plans for the con-
struct}on of or addition to any‘waste treatment facility and no such facil-

.it&>may be constructed, modified or enlarged without such approval.

12., Cold water and seasonal cold water streams shall ﬁe those listed by the
Massachusetts Division of Fisheries and Game.

13. Whoever violates any‘provision of these regulations'shall (a) be fined not
less than two thousand fivebhundred dollars nor more than twenty-five thou-

sand dollars for each day of such violation or its continuance, or by

imprisonment for not more than one year, or by both; or (b) shall be sub-

Ject to a civil penalty not to exceed ten thousand dollars per day of such
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1h.

15.

violation, »which may be assessed in an action brought on behalf of the
Commonwealth in any court of co'mpetent Jurisdiction, pursuant to Section
42 of Chapter 21 of the Massachusetts General laws. |

The Divisilon and its duly authorized employees shall have the right to
en'f‘i'ér at all reasonable times into or on, any property, public or private,
for the purpose of inspecting and investigating cénditions ‘relating to
po’llutlon or pogsible pollution of any waters of the Commonwealth, :pursaa,r

to Section 40 of Chapter 21 of the Massachusetts General Laws. i

- -'.';’L;JJ

If any regulation, paragraph, sentence, clause, phrase or word cf}%ese x
. oy . ’

yegulations shall be declared invalid for any reason whatsoever, :#11‘}5.’0 deci-

sion shall not effect any other portion of these regulations, whigh shéil

remain in full force and effect and to this end the provisions of tht.se ‘

regulat:Lons are hereby declared severable.

~ ' : -

Approved by Commissioner of ] Adopted‘by Division of

Public Health Water Pollution Control

Dates . @Jll ? /?7‘7 .1' Date: é/gM "/,, /777/

.A /,{(\ —7%{/ J}Zjaw((’/// %/54’44

Wﬂ‘ham J. Blcknell, “1.D. ‘Thomas C. McMahon, Director
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VI. Stream Classifications

River Basin

NASHUA RIVER BASIN

Squannacook River
Squannacook Tributary

Nissitissit River

Phillips Brock

Whitman River

Round Meadow Pond Tributary
Round Meadow Pond Brook

Flag Brook
North Nashua River
Fall Brook
Wekepeke Brook
Stillwater River
Gamma Brook
Ball Brook (Sterling)
Scanlon Brook
Waushacum Brook
South Wachusett Brook
Quinapoxet River
Muschopauge Brook
Maynard Brook
Bumbo Brook
Alpha Brook
Governor Brook
Ball Brook (Holden)
Asnebumskit Brook
Wachusett's Reservoir
Gates Brook
Scarlett's Brook
Poor Farm Brook
Chaffin Pond Tributary
French Brook
Nashua River
Catacoonamug Brook
Nonacoicus Brook
Flanagan Pond Brook
James Brook
Wrangling Brook
Reedy Meadow Brook

and Existing Water Quality Within the Merrimack

TABLE A

CLASSIFICATION

PO WWOPYPEDPPRERPREPPIPPY PP PIIQACO OO0 W

EXISTING CONDITIONS*

oWy WQQAXLDOOAUUWW

DwQWNQADOWWWwE U pm

* Based on Water Quality Data Collected Aug - Dec 1973, March - May 1974,

list in this report.

A-129



MERRIMACK RIVER BASIN

Merrimack River
Mascuppic Lake Outlet
Deep Brook
Black Brook
Fish Brook
Lake Cochichewick Outlet
Johnson Creek
East Meadow River
Cobbler Brook
Bare Meadow Brook

Stony Brook
Boutwell Brook

Beaver Brook
Iong Pond Outlet

Spicket River
Harris Brook

Powwow River

Black Rock Creek

SUASCO REGION

Assabet River
Hop Brook
Rawson Hill Brook
Sunken Meadow Brook
Crystal Spring
Second Division Brook
Fort Pond Brook
Hager Pond Brook
Tributary @ Hudson Line
Elizabeth Brook
Sudbury River
Sudbury Reservoir
Taylor Brook
Lake Cochituate
Concord River
Farley Brook
Putnam Brook
Beaver Brook
Pond Brook
River Meadow Brook
Nashoba Brook

TABLE A (Cont.)

CLASSIFICATION

BI Cl SA, SB, & SC

ggwwwwwwwwwmwwwwww

Q

ToomowenPPpoRONOoWwOww e
@]
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TABLE A (Cont.)

SUASCO REGION (Cont.) CLASSTFICATION EXISTING CONDITIONS

Nonset Brook
Nagog Brook

w
w

SHAWSHEEN RIVER BASIN

Shawsheen River
Webb Brook
Strong Water Brook
*Tributary in Tewksbury

Wowww
DoQn

* Reference can be made to map showing sampling point locations as they
represent points 72 and 72a respectively.
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VII. EPA PROPOSED RAW WATER QUALITY CRITERIA FOR PUBLIC WATER SUPPLY*

PRARAMETER
Alkalinity
Ammonia (as N)
Arsenic

Bacteria

Barium

Boron

Cadmium
Chloride
Chramium (as Cr*®)
Color

Copper

Cyanide
Dissolved Oxygen
Iron

Lead

Manganese
Mercury

Nitrate-Nitrite (as N)

Nitrilotriacetate (NTA)

Table C

A-132

PROPOSED CRITERIA

No Limit
0.5 mg/1
0.1 mg/1

10,000/100 ml Total Coliform
2,000/100 ml Fecal Coliform

1.0 mg/1

1.0 mg/1

0.01 mg/1

250.0 mg/1

0.05 mg/1

75 units (Co-Pt)
1.0 mg/1

0.2 mg/1

Near Saturation
0.3 mg/1

0.05 mg/1
0.05 mg/1

0.002 mg/1

Nitrate=10.0 mg/1
Nitrite=1l.0 mg/1

No Limit-insufficient
information



L)

PARAMETER PROPOSED CRITERIA

Odor & Taste Not Detectable

Oil & Grease Not Detectable

pH Range fram 5 - 9
Phenolic Compounds 0.001 mg/1

Phosphate (as ‘P) No Limit Set

Selenium 0.01 mg/1

Silver 0.05 mg/1

Sodium See A below

Sulfate (as SO4) 250.0 mg/1

Temperature Should not detract fram

potability or interfere
with treatment process

Turbidity No Limit Set

Virus No Limit-Insufficient
information

zZinc 5.0 mg/1

A. Assuming a per capita consumption rate of 2 liters of water
per day, the American Heart Association recammends a maximum con-
centration of 20 mg/l. For those people not on a sodium restricted
diet, a miximum concentration of 270 mg/l1 is recammended. The
question remains as to what population needs you meet.

* Proposed Criteria for Water Quality, Volume I, II, and III, U.S.
Environmental Protection Agency, October, 1973.
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VIII. U.S.DEPARTMENT OF AGRICULTURE SOIL CONSERVATION SERVICE

Soil Limitations for Septic Tank Sewage Disposal

The expansion of residential areas into rural or rural-fringe
areas is resulting in the construction of homes in many areas that are
not serviced by a communal sewer system. In such areas, sewage disposal
is dependent on individual systems utilizing septic tanks and disposal
fields. The successful functioning of this kind of dispésal system de-
pends largely on the absorptive ability of the soil and the level of the
water table during wet seasons. Some soils can absorb sewage effluent.
Other soils cannot absorb sewage effluent regardless of the size of the
disposal field. 1In rating soils for septic tank sewage disposal, it is

assumed that house lots will be about 1/2 acre in size.

The major factors by which the soils are rated for the disposal
of effluent from septic tanks are:

a. soil permeability,

b. depth to seasonal high water table,

c. depth to bedrock, hardpan, or clay or silt layers,

d. slope of the land,

e. flooding by stream overflow,

f. surface rockiness,

g. surface stoniness.

Three degrees of limitation for septic tank sewage effluent disposal
are shown on the map, "Soil Limitations for Septic Tank Sewage Disposal."

The use of this map does not eliminate the need for on-site investigations to

determine conditions at a specific site.
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The three degrees of limitation are defined as follows:

1 - Slight limitation

No special problems are expected to be encountered when these
soil areas are used for septic tank systems. Septic tank disposal
systems designed and installed in accordance with normal approved speci-
fications should operate satisfactorily.

The soils are well drained through excessively drained. They
have formed in sandy and gravelly materials and have few or no . stones
on the surface or below. They afe rapidly permeable and occur on 0 to
8 percent slopes. They do not have layers within 5-1/2 feet of the
surface that retard the downward movement of water. The coarse textured
substratum of these soils is so permeable that shallow wells located
close to septic tank disposal fields may be contaminated.

2 - Moderate limitation

These s0il areas are generally satisfactory for septic tank disposal
systems. The soils are rapidly permeable and have formed in sandy and
gravelly materials, but they occur on 8 to 15 percent slopes. The loca-
tion of septic tanks on slopes having gradients within this range requires
careful site selection. Additional site preparation may also be necessary
to insure satisfactory functioning of the disposal system. These soils
are so permeable that shallow wells located close to, or downslope from,
disposal fields may be contaminated. Some of the soils in this limitation
class occur on 0 to 8 percent slopes, but they have a very rocky, very

stony, or extremely stony surface and contain stones below the surface.
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3 - Severe limitation

These soll areas require intensive site preparation to overcome
soil conditions when used for septic tank disposal systems where house
lots are about 1/2 acre in size. However, some of these soil areas may
be satisfactory for septic tank sewage disposal for rural homes or low
density residential areas where houses are far apart.

The soil problems involve one or more of the following conditions:

a. bedrock within about 5-1/2 feet of the surface,

b. slow or moderately slow permeability in the substratum,

c. a high water table, at or near the surface, for periods

ranging in duration from 4 to 9 months or longer each year,

d. slope gradients greater than 15 percent,

e. subject to flooding by stream overflow, or

f. extremely rocky surface.

This limitation class is divided into six subclasses and a letter
suffix is used to indicate the major limiting factor. Some soils have other
limiting factors in addition to the major one that is designated.

The six subclasses are defined as follows:

3D - Severe limitation (hardpan-deep)

These areas consist of well drained and somewhat excessively drained
soils that have a hardpan or silt or clay layer at a depth of 2-1/2 to 5-1/2
feet from the surface. The hardpan or silt or clay layer is slowly permeable
and retards the downward movement of water.

3F - Severe limitation (flooding)

These areas consist of excessively drained through well drained alluvial

soils subject to flooding by stream overflow.
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3H - Severe limitation (hardpan-shallow)

These areas consist of well drained and somewhat excessively
drained soils that have a hardpan or silt or clay layer within 2-1/2
feet of the surface. These layers are slowly permeable and retard
the downward movement of water.

3R - Severe limitation (bedrock)

These soil areas have bedrock within 5-1/2 feet of the surface
and contain many bedrock outcrops, but in many places the bedrock is
within 2-1/2 feet of the surface. In addition, there are some areas
deeper than 5-1/2 feet to bedrock that have many large boulders on
and in the soil.

3S - Severe limitation (s@ope)

These areas consist of excessively drained through well drained
soils that have a rapidly permeable substratum. The soils occupy areas
having slope gradients greater than 15 percent. The installation of
septic tanks on such steep areas is difficult and requires special site
preparation. In addition, sewage effluent may seep to the surface
downslope from the disposal system creating a nuisance and menacing
public health. These permeable soils provide little filtering action
and nearby shallow wells may become polluted.

3W - Severe limitation (wetness)

These areas comsist of moderately well drained, poorly drained,
and very poorly drained soils. They are affected by a high water table
that impedes or prevents the absorption of sewage effluent. Moderately

well drained soils have excess seepage water or a water table that is
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about 1-1/2 to 2 feet below the surface in wet seasons. This condition
commonly persists for 4 or 5 months of the year.

The poorly drained soils have a water table at or near the surface
for 7 to 9 months of the year. The very poorly drained soils have a
water table at or near the surface most of the year. Some of these soils
also have a very stony or extremely stony surface and a slowly permeable
hardpan within 2 feet of the surface.

X - Unclassified

The soils in these areas have been removed, buried, or otherwise
altered. The characteristics of individual areas are too variable for

proper soil classification. Therefore, the areas are not rated and placed

into one of the limitation classes. These areas require on-site determin-

ation.
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